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PART

I

BACKGROUND

THE ISRAELI.P.4,LESTINIAN PROJECT TEAM
The team of Israeli and palestinian water scientists who have
cooperated in the preparation of this study do not represent in any way

official positions of the sides to rhe dispute and this study does not
presume to take the place of negotiations, nor is it intended to prejudge
the

or prejudice

the claims and negotiating positions of the partners, who
are the only ones with the responsibility and authority to reach a final
agreement. However

it is our hope that this study will provide

some

new data, insights, innovative concepts and preliminary proposals that
will contribute to the understanding of the issues and will provide input

to the discussions and negotiations that will lead to their eventual
resolution. This report contains a main section which represents the
shared consensus of all four members of the joint Israeli-palestinian

team, who share the hope that our two nations will be able to live side
by side in mutual respect and peace.
There are a few paragraphs (underlined) with different wording
as proposed by one or more of the team members. we feel that those

major areas of this report on which there is complete agreement are in
themselves an important contribution and we do not feel that it is a
serious failing that we did not reach accord on all matters at this time.

In addition there are a number of appendices prepared and
signed by one or several of the team members which represent original
studies, analysis and points of view which are exclusively those team
members' personal positions.

Three of these represent papers prepared by team members in
the framework of this study for presentation at the First IsraeliPalestinian International Academic Conference on Water, held in Ztnch
December lO-I3,1992.

INTRODUCTION
Adequate supplies of good quality water are an essential element
for the survival, economic welfare and prosperity of both Israelis and
the Palestinians and a major cause for deep concern and fears for the

future on both sides, who are currently searching for a peaceful
resolution to their long standing conflict. For better or for worse, the
Israelis and the Palestinians are bound together by a common
geography and hydrology in their shared use of the transboundary
water resources of the area. This common geography ties their fate
together and requires that they find a common solution suitable to meet
the legitimate needs of both peoples. This study is based on the
assumption that both the Israelis and the Palestinians are committed to
the peace process initiated at the Madrid Conference in December 1991

with some form of interim stage, evolving eventually into a permanent
solution with the establishment of some form of Palestinian entity
within the occupied territoriesx.
One of the existential concerns of the Palestinians is that they
will have adequate supplies of water to assure their economic and social
development to meet the needs of the expected major increase in

population. Israel is no less concerned that its future water needs be
assured. There are already claims and counterclaims about water rights

concerning the shared use of the transboundary waters common to
Israel and the occupied territories, and finding a solution to these water

issues

will

be one

of the preconditions for the successful conclusion of

the peace process.

Failure to find a solution to the water problems that will meet
the legitimate, current and future human needs of both peoples can
place a serious road-block on the path to peace, while a proposal for a
just and equitable solution to the water issues which holds out real hope
for sufficient water supplies for both sides can provide an attractive

motivation to help promote the peace process.

It is the intention of this study to analyze as objectively

as

possible the nature of the water problems faced by the partners to this
dispute and to suggest some basic principles and possible conceptual
approaches for solutions for consideration by the negotiators on both
sides.

* Note-The term "@cupied territories" refers to areas
formerly held by
the Hashemite Kingdom of Jordan (The west Bank) and Egypt (Gaza)
which were occupied by Israel in the course of the 1967 war. The area
called the "west Bank" derives its name from the days of the Jordanian
administration, since it was thought of as the west Bank of the Jordan
River while the remainder of the Hashemite Kingdom of Jordan was on
the East Bank of the River. The areas are referred to by their ancient
biblical names of Judaea and Samaria by official Israel Government
sources. In this study we shall refer to the area as the "occupied

territories" or "west Bank and Gaza" in accordance with international
usage. The border between Israel and the occupied territories which
was in reality the cease-fire line until 1967 was nofinally marked as a
green line on Israel maps and is often referred to as the "Green Line."

THE SHARED TRANSBOUNDARY WATER RESOURCES
UNDER DISPUTE
There are three major transboundary water resources shared by
the Israelis and the Palestinians involved in the current dispute. Frior to

the Israeli occupation of the territories

in

196'7, these shared water

resources would have been defined by international law as shared

international water resources (Caponera, 1992) and we have assumed
that under international water law they should be dealt with as such in
the current peace negotiations.

What follows is a brief description of these areas of conflict
with a presentation of some of the main claims and counterclaims of the
parties to the dispute. This presentation of, some of the claims of the

for illustrative purposes only and is by no means intended to
represent the complete case and set of claims of either side" Such a task
is beyond the scope of this study.
sides is

1) The Mountain

Aquifer -- The mountain aquifer, most of whose

waters are derived from rainfall over the West Bank, flows naturally

from the hilly regions of the West Bank to the west and northeast into

Israeli territory where

it

has

been utilized within the present

boundaries of Israel by Jewish farmers going back as many as 7O years

in addition to its use by Palestinian farmers. To the east of the
hydrological divide the water flows toward the Jordan Valley and for all
practical purposes is not considered transboundary water since its flow
is almost entirely within the West Bank (See Figure l).
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Figure l,Tgr MoUNTAIN AQUTFER-A Schematic Presentation: The
p.e-r967 cease fire lines which serves as the border between
(West Bank), mainly
Israel and the occupied territories
iuhabiteO Uy the Paiestinians, is shown with a heavy dashed
and dotted line. The hydrological divide between the three
subdivisions within the mountain aguifer is shown by the
I
dashed Iine.The arrows show the general direction of the
flow of the ground water.

The Palestinians claim priority in utilization of the mountain
aquifer since most of its flow is derived from rainfall over the west
Bank in the occupied territories. The Palestinians claim that Israel has
severely overpumped the western basin of the mountain aquifer and

wastefully used the highly subsidized water to grow non-economic
crops which have threatened the future of this vital shared resource.
The Palestinians argue that Israel dug numerous wells in the mountain
aquifer within the west Bank after the 1967 occupation which supply at
least 50 million cubic meters per year (MCMAfr) of water for the use of

Israeli civilian settlements in the occupied territories, and that such
of
\ization the natural resources of the occupied territories is illegal
un\ternational law (El Hindi, 1990). They point in parricular to the

..

eastern\uifer which is totally within

the west Bank. The palestinians

claim that\frey were prevented by the Israeli authorities from digging a
sufficient nrirnber of additional wells on their own essential urban and

agricultural needs. The Palestinians also base their claim for an
equitable share of the aquifer to meet their growing human needs and
water rights according to the principles of international water law.
Israel bases its claims for the continued use of most of the flow
of the mountain aquifer, which naturally drains into Israel, on its prior

historic, de facto use of the aquifer for essential human needs and
economic purposes going back some 70 years, long before any major
Palestinian use of the aquifer was initiated. They note that Mr. pinchas

Ruttenberg was granted a concession by the British Mandatory
Government for the unrestricted use of the yarkon (Uja) River in L921.
Palestinians challenge the legitimacy of that concession. The source of
the Yarkon River near Tel-Aviv-Jaffa is the Rosh Ha'ayin (Ras el Ein)
springs which represents some 657o of the aquifer flow of the western
section of the mountain aquifer (known as the yarkon-Taninim aquifer
in Israel). They also point to the fact that the early Jewish farmers sunk

irrigation wells to drain the malarial swamps in the Hadera and Jezreal

Valley atreas, fed by the unutilized overflows of the mountain aquifer in
the 1!I30's (Blass, 1960). Israel points out that it has not increased its

utilization of the western or northeastern aquifers since 1967, since it
was already utilizing those aquifers fully prior to that date. Israel bases

its claim on the internationally accepted practice of recognizing
historical use, such as the case of the Egyptians' internationally
recognized claim on the use of Nile River water although none of it falls
territory. Israel claims that the Palestinians have
been granted permission to utilize the water resources and dig new
as rain over Egyptian

wells in the West Bank within the limits of the allowable safe yields of
the mountain aquifer.

2. The Jordan River Basin --The flow of the upper regions of the
Jordan and Yarmouk Rivers emanates from, or passes through Israel,
Syria, lrbanon and Jordan, while the flow of the lower reaches of the
Jordan and Yarmouk Rivers passes along the lower Jordan Valley areas

of the West Bank. Thus, here too Israelis and Palestinians find
themselves sharing in the use of a ffansboundary water resource.

Under the Johnston Plan of 1956, Israel, Jordan and Syria were
granted allocations for the use of the waters of the Jordan River basin

including the Jordan and Yarmouk Rivers (Naff and Mateson, 1984).

While this plan was never formally approved, it has served as the de
facto basis for the division of the Jordan and Yarmouk waters between
Israel and Jordan based on both sides committing themselves to abide

by the plan in return for American financing of their major water
development projects. Syria never agreed to this division of the waters

of the Jordan and Yarmouk and has proceeded to divert the Yarmouk
River within southem Syria far beyond the allocation proposed by the
Johnston Plan. The Jordanians and the Palestinians claim, however,
that Israel pumps more than its allocation according to the Johnston
Plan and uses its heavily subsidized water in a non-economical manner

which results in the irrational export of water-intensive crops (State

Controller, 1991) while the Palestinians have insufficient water for
drinking, domestic, industrial and agricultural purposes.

An allocation of some 150 MCM/Yr for use by the Palestinians
in the West Bank was part of the allocation to the Hashemite Kingdom
of Jordan under the Johnston Plan. A plan for its actual transfer to the
West Bank through the Western Ghor Canal from the Yarmouk River
was approved by the Government of Jordan and was in the advanced

planning stages

in 1967. The canal was never built however.

The

Palestinians claim this allocation is still due to them. The Jordanians do

not deny that it was their intention to supply the water, but now claim

that

it is no longer

possible since the Syrians have diverted major

portions of the Yarmouk River. Additionally, the Jordanians claim that
they absorbed several hundred thousand Palestinian refugees both as a

result of the 196'7 war with Israel and the 1990-91 Gulf war which
resulted in a mass exodus of Palestinians from Kuwait.

In addition, prior to 1948, the Palestinians used water from the
lower Jordan River directly for irrigation and for water supplies all
along the Jordan Valley. Over the years this source has become saline
and has at times dried up during the summer months due to a number
causes.

of

After the initiation oi the diversion of major flows of the Jordan

River into the Israel National Water Carrier in 1961, the overflow from
I-ake Tiberias was reduced to a minimum during the summer. Another

important contributing factor to the drying up of the lower Jordan River
has been the major diversions

of the headwaters of the Yarmouk River

by Syria above and beyond their allocation under the Johnston Plan,
and the diversions of the remaining flow of the Yarmouk by Jordan into
the trastern

Ghor Canal.

Israel bases its claims for their existing use of the waters of the
Jordan River basin on their de facto historical use (similar to the case of

the Nile) and, among other things, on the historic Ruttenberg
Concession granted by the British Mandatory Governmentin LV27 for
the unrestricted development and uSe of the waters of the Jordan and
Yarmouk Rivers for irrigation and electric power production; the de
facto allocation under the Johnston Plan of 1956 as well as their natural
riparian rights under international law. The Palestinians base their
claim for a major allocation of water from the Jordan River Basin,
among other arguments, on de facto historic use prior to 1948 which
was taken away without their consent, as well as on their natural
riparian rights based on the principles of international law that have
been denied to them, in addition to the allocation of water to the West

Bank under the Johnston Plan.

3. Surface and Groundwater

in the Gaza Strip -- Israelis

and

Palestinians are also involved to a limited extent in sharing the surface

and ground water flow

in the Gaza region. The

Gaza aquifer is

essentially a part of the coastal aquifer in Israel. There has been severe

over-pumping of the ground water

in Gaza for the past 40 years,

particularly during the period of the Egyptian administration from 194867, resulting in severe salination of most of the wells. There is general
agreement between Israeli and Palestinian hydrologists that the present

rate

of overpumping is

about 35 million cubic meters per year

(MCIWYT) over the natural rate of replenishment. The water is unfit for
agriculture and drinking in many areas. Gaza faces a most severe and
most urgent water crisis, requires an immediate solution calling for
making available some 30-4O MCM/Yr of additional water to replace
the severe over-pumping which can lead to the total salination of the
aquifer in a few years time.

The shallow sandy sandstone aquifer is fed almost entirely by
direct local rainfall. The flow from east to west is limited and slow and

the water withdrawn from wells within the Gaza Strip are fed
essentially by the direct rainfall over the Gaza Strip with only minimal

lateral east-west flow supplying water to the area. The Palestinians
point out that the new Israeli settlements in Heval Katif within the Gaza
Strip established after the occupation in 1967 pump some 5 MCM/Yr

from the already overpumped aquifer. The Palestinians also hold that
Israel has caused a serious reduction of the flow of water into the Gaza

Strip, which has caused increased salination of the wells, by drilling a

of wells on the Israeli side of the border to the east of the Strip in
addition to building a number of dams on Wadi GazalNahal Absor
series

which has reduced the surface recharge flow in the Gaza region. Israel
denies that these actions have reduced the water supply to Gaza or
contributed to the salination of the wells in Gaza which is mainly the
result of years of unregulated over-pumping within the Gaza Strip.
lsrael has recognized the seriousness of the situation and has already

taken some steps to alleviate the severe water crisis, including
introduction of additional water from the Israel National Water Carrier
and the construction of a small plant to desalinate, brackish water at one
of the refugee camps.
From the above brief presentation it is clear that there are major
claims and counterclaims concerning the water rights and water quality

on the above three transboundary water resources which must be
resolved and regularized in the framework 6f the peace treaty outlining
the agreed-upon share of the water for each side and mechanisms for its
management, environmental protection and control.

THE R.OLE OF INTERNATIONAL LAW IN THE
RESOLUTION OF THE ISRAELI.PALESTINIAN WATER
RESOURCES DISPUTE
What can international water law contribute to an understanding

of these conflicts and to their resolution? A comprehensive system of
principles and practice in international water law has evolved over the
years.

Thus international water law has been accepted, by many
nations, as legally binding based on the consistent practice of peaceful
states in dealing with shared water resources issues, resulting in the
formation of customary rules of international water law (Caponera,

1992). However, there is no supra-national authority which

can

compel unwilling members of the international community to abide by
such rules.

There are numerous international agreements, treaties and
conventions

a-s

well as guidelines and rules promulgated by experts in

international water law which can provide insights, guidelines and legal

precedents assist disputants

in reaching an agreed upon solution

through negotiations or arbitration. But in the final analysis, only an
agreement based on consensus between the partners which results in a
treaty or convention can provide a binding solution.

There have been many severe conflicts over the use of shared
international bodies of water. Both upstream and downstream countries
have claimed ab,solute sovereign rights to such waters and have at times
gone t,o war over such questions.

International water law has evolved mainly over surface water

it is accepted that they in general cover transboundary
grotrnd water questions as well (Caponera,lgE2). The status of ground
issues, but totiay

water law has become well established in key documents of the
International L-aw Association and the International [,aw Commission
(Berberis, 1991

; Benvenisti,

1993).

In the current era, when the concept of peaceful cooperation
between nations over the use of shared resources is hopefully becoming

the normative pattern in international relations, new views in
international water law have developed. More recent concepts are those

of "equitable apportionment or allocation" and "community of interest"
based on the emerging principle of "limited territorial sovereignty" over
shared resources (Caponera, 1992). This more enlightened and
peaceful approach is summed up in the "Helsinki Rules" of 1966 -recommendations of the International [,aw Association which hold that
water disputes be settled equitably through negotiations. Article IV of
the Helsinki Rules states that, "Each basin state is entitled, within its

territory, to a reasonable and equitable share in the beneficial uses of the
ryaters on an international drainage basin." These rules further provide

for taking into account, among other factors, possible alternative water
'.or."", that might be available to one of the parties, the possibility of
economic compensation and the economic and social needs of each

law promulgations call
for the balancing of the needs of the communities that share the
common resource. In doing so, Benvenisti (1993) holds that a proper
state. The Helsinki Rules and later international

balance between the protection of existing uses and the initiation of new
uses must be found.

More recently the United Nations International Law
Commission has suggested that the principle of equitable allocation be
replaced by the concept of "no appreciable harm," a formulation which

first appeared in international law in reference to the obligation of one

or

"appreciable harm" to a
neighboring state. Benvenisti (1993) feels that this new principle is
state to prevent environmental damage

13

unclear in meaning and interpretation, and since it is still only a draft

proposal, any deviation from the equitable allocation principle is
unwarranted at this time.

Most of the effective international water treaties provide for the
establishment of joint international commissions for full sharing of

information, j oint envi ronmental pollution regulations and programs,
inspection, monitoring, and management of shared water resources so
that all parties can be assured that the terms of the agreement are in fact

being adhered to. However, despite the moral weight of the principles
of international water law, some nations have not yet fully accepted
them.

while the Helsinki Rules had only a limited reference to ground
water, the Bellagio Draft Treaty on Ground water of 1989, the Seoul
Rules and the Geneva proposals (Berberis, l99r) cover this area in a
most specific manner so that today, experts in international water law
generally accept that all of the above principles apply equally to surface
water and to ground water. However, this acceptance is less universal
among the nations of the world.

If we to accept the point of view of the experts in international
law we would come to the following conclusions: The position of
some, that only by the physical occupation of territories which serve as
a source

of its water resources can a country

assure its water rights, is

not generally supported by the normal practice of peaceful nations or

international water law. Similarly there is rittre legal basis in
international water law for the claim of others that they have exclusive
or absolute rights over the use of water derived from sources within

their territory. The claim that prior historical use assures immutable
water rights is also not absolute in terms of intemational water law.

Thus, based on modern principles of international water law,
both the historic riparian rights of Israel as one of the de facto users of
the shared transboundary water of the Jordan and Yarmouk Rivers, the
mountain aquifer and the ground water and surface run-off in the Gaza

well as the legitimate rights and growing human needs of the
Palestinians to their just allocation of these shared international waters
must be considered in finding a just and equitable solution. Both
parties to the conflict would be expected, in the first instance, to

area, as

negotiate directly between themselves to arrive at a settlement based on
the principles of "equitable apportionment" and "community of interest"

rather than to enter some type of confrontational litigation, expecting
some supra-government authority to enforce a judgment based on what
each side views as their legitimate rights (Shuval, l992a).

Nevertheless, the concept

of "equitable apportionment"

and

nreasonable and equitable share" is not clearly defined and there are

many conflicting factors and considerations in its determination under

present international law (Caponera, 1992). Whether or not
international law is actually binding at this time, the community of
nations will undoubtedly expect that Israelis and the Palestinians will
negotiate a settlement based on the mutual recognition that they do share

common surface and ground water resources and that an
accommodation should be reached in the spirit of the principles of
"equitable apportionment" under international law in such a manner that
the legitimate needs of each partner sharing the transboundary water
resource

will

be met.

PROPOSED BASIC PRINCIPLES AND GUIDELINES
FOR PEACEFUL COOPERATION BETWEEN THE
P,ARTNERS TO SHARED WATER RESOURCES
While both sides will undoubtedly present their opposing claims
and counterclaims based on historic, geographic, hydrological,
political, legal and moral grounds, we feel that to make progress in the
negotiation process an effort should be made to put aside such issues in

order to reach an agreement on basic principles for resolving the
conflict on which all can agree as a starting point.
The "Basic Principles" and "Guidelines for Action" proposed in
this study are aimed at providing the parties to the dispute with a
proposal for their consideration of one possible approach to assuring
that the minimal human needs of both parties are met on the basis of
equality of individuals, be they Israeli or Palestinian, according to the
criterion of a "reasonable and equitable share."
The approach proposed for the peaceful cooperation between
Israelis and Palestinians in the utilization of their shared transboundary

water resources on what have been defined as "international drainage
basins" is based on the spirit of the principles of "equitable

apportionment" and "community
international water law . These

of

interest" as proposed in
principles are laid out primarily in the

Helsinki Rules of 1966, the seoul Rules and the Geneva proposars
(Caponera, L992). Today it is generally accepted by most countries
and international water law experts that these concepts apply both to
transboundary surface waters as well as ground waters.

It is recognized that these rules and principles are not binding in
themselves upon partners to water disputes and that their application
and interpretation are the subject for negotiations and agreement

between the partners. However, they can serve as a point of departure
for arriving at a just solution. These principles of international water

law take into consideration the actual historic or de facto, use patterns
of the shared transboundary waters, claims to water rights based on
geography and the hydrology of the international water basin, as well

as the legitimate unmet human needs of the partners taking into
consideration both present and future populations.

While international water law gives considerable weight to the
actual or de facto, historical use of shared transboundary water, such
historic use patterns are not considered absolute or unalterable. Neither
does international water law grant priority in use, automatically, to the

territories in which the waters arise, while it is generally recognized that
the legitimate needs of upstream partners must be given due

consideration regardless

of their previous utilization of the

transboundary waters involved in the dispute.
International water law also requires that due consideration be
given to the objective developing human needs and requirements as
well as all available alternative water resources of all the partners to a
shared water resource when considering the allocation of the water of a
shared intemational water resource. In addition, international water law
suggests that when considering the issue of the water needs of a water-

short partner with no alternative water sources, that the more waterrich partners on the shared international water resource, who do have

alternative sources, should be considered as possible candidates to
assist their water-short neighbors.

It is in the spirit of these concepts that the following basic
principles alone or in combination with other principles are proposed
for consideration as a possible starting point for negotiations and
agreement between the Partners.
t7

PROPOSED BASIC PRINCIPLES FOR PEACEFUL
COOPERATION BETWEEN THE PARTNERS TO

SHARED WATER RESOURCES
(ln Hierarchical Order)
1. water rights should not be taken or changed by force or without
mutual agreement.
2. The "Minimum water Requirements" (MWR) of the partners to the
Israeli-Arab conflict should be assured in the spirit of international

water law based on the principle of equitable apportionment of the
shared water resources and the other water resources available to each.

In order to meet the minimum legitimate human and social needs of
each partner they should be assured a minimum of an equal water
allocation per person per year for domestic, urban, industrial and
minimal fresh food use required for survival.
3. water resour@s within the territory of a partner will first be allocated
to meet the present and future nMinimum water Requirements" (MWR)

of that partner, and after that, the other water

uses

within the

same

territory.

4. Historical de facto water usage from shared resources should

be

maintained and normalized through negotiations and mutual agreement
on condition that the MWR can be met for each partner from sources

within each territory sharing the water resource, or from adjacent
sources to which the territory has obtained the rights of use through
agreement with another entity. If water is tmnsferred from one entity to
another to help it meet its minimal human needs (the MwR), the
amount that

will

be transferred at any given time will only be that
amount required to meet the actual current domestic/urban/industrial
demands at that given time.
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5.

All

data and information about water resources and water use should

be freely available to all the partners on a shared international water
resource.

6. Dr. Elisha Kalllrrs

rtEach entitlr on a
proposal for a sixth principle:

shared international water resource should cover its own costs of water

development and such costs should not be charged to another entity."

GUIDELINES FOR ACTION
1. Unused water in one or more territories on a shared international
drainage basin that can meet all of its own present and future MWR

from its own local sources should be the prime candidate for
negotiations and agreements aimed at the sale and/or transfer of water
to its neighbors on the same international drainage basin who cannot

meet their MWR from local or other available sources which it has
historically used or has gained the legal rights to use through
agreement.

2. In the case where there are more than two entities sharing a water
resource and one or more of them cannot meet all of their own present
and future MWR and two or more of the

other entities can meet their

own MWR, then the degree of liability of potential donors to assist the
water short entity shall be proPortional to the extent of the potential
donors' unused water resources and/or to the excess water above the
amount needed to meet their own MWR.
3. A non-contiguous territory in the immediate region that can meet its
own present and future MWR from its own local sources should also
be considered as a potential candidate donor for water sale and transfer

to its neighbors in need of water as a function of its own unused water
19

resources or the excess water above the amount needed to meet its own

MWR.
4. The permanent or temporary transfer of water and/or water rights
from one territory to another should be arranged through negotiations
and mutual agreement. Compensation for transferred water or water
rights must be determined through negotiations and agreement.

5. Every agreement involving the establishment of

alrocations,

normalization, transfer or re-allocation of water or water rights on a
shared water resource should include appropriate factors such as
financial or other forms of compensation, such as water exchange or
water import from external sources. other factors in such agreements
should include assured arrangements for environmental protection and

pollution control on the watersheds of shared international water
resources, uniform enforcement of agreed-upon environmental
standards and guidelines, information and data-sharing, joint
commissions

for inspection, joint programs of hydrological

and

environmental surveys and studies, monitoring and control of both
quantity and quality of water on both sides of the border and agreedupon, binding methods of settling disputes including arbitration and/or
adjudication.

PROPOSED B,A,SIS FOR CALCULATING THE
"MINIMUM WATER REQUIREMENTI -_ MWR

It is generally agreed that the absolute minimum water
requirements to meet basic human needs for survival are those needed

for "domestic consumption.".However, we suggest that the broader
concept of "urban consumption" is more appropriate. Urban use
includes both the actual domestic or household consumption, which is
20

usually only about 5O7o of the total urban use, as well as the water of

drinking-water quality needed to meet normal public and commercial

for schools, hospitals, services, commerce, trades and industry.
In an area of severe water scarcity such as the one under consideration
here, water supply for industry and trades is essential to provide
employment for survival. Under such conditions of scarcity and high
water costs, allocations of water for employment in agriculture can

uses

rarely be justified economically.

The "Minimum Water Requirement" - MWR proposed for
consideration is 100 cubic meters/person/year (CM/P/Yr) for domestic,

urban and industrial use (Shuval, 1992). This amount of water per
person per year has been found to be generally adequate in Israel and

other water-short areas with similar climate for the rnaintenance of a
reasonable hygienic level and a high standard

of living

based on

employment in the urban/industrial sector, not including agriculture.
The adequacy of this level of water supply is conditional on efficient
water use and water conservation measures.

In light of the agricultural tradition of the area and the high
social and cultural value placed on the availability of fresh garden
vegetables for consumption by the local population, we propose for
consideration despite the fact that fresh water allocations for general
agricultural purposes are most likely n<lt feasible for those entities
facing serious water shortages, that

if

the available water resources

allow for it, there be a symbolic additional allocation of 25 CM/P/Yr of
fresh drinking-quality water for minimal growing of fresh vegetables
(such as in vegetable gardens adjacent to homes and animal husbandry)
that require the use of fresh water of drinking-water quality.

While we recognize that this allocation is not strictly speahing
for domestic consumption, we feel that it is justified since, for public
2t

health reasons, fresh water of drinking-water quality is normally
required for such vegetable gardens growing salad crops and vegetables
eaten uncooked and animal husbandry for local consumption adjacent to

homes in peri-urban areas and villages. According to our estimates, 25

CM/P/Yr is sufficient to grow all of the vegetables consumed per
person per year including water of drinking water quality for farm
animals and some other limited home vegetable garden and fruit tree
use.

Dr. E. Kally's version to replace the previous 3 paragraphs:

"The Minimum Water Requirement MWR proposed for
consideration is 125 CIWP/Yr for domestic/urban/industrial and animal
husbandry use. The concept of MWR should not include any allocation

of water for agriculture. Since the MWR concept refers to the minimum
amount for human survival. this allocation should be recognized as
being of higher priorit], even to rights based on historical use. Thus. a
partner on a shared water resource unable to meet this need (the MWR)

from its_current sources should be entitled to water transfer from
neighboring entities to help meet this need. However. water transfers at
any given time should be limited to the actual domestic/urban/industrial
demand up to the MWR."

The "Minimum Water Requirement" - MWR calculation does
not include any other direct allocation of fresh water for agriculture, but
does assume that additional water for agriculture and/or other uses can
be made available through the recycling and reuse

of

some 657o

of the

water allocated for domestic/urban/industrial use. In other words, there

will

be, in effect, the possibility of generating another 65 CM/PA( r

if an

effective, total water recycling program is introduced. Thus, the total
effective allocation of water could reach l9O CM/P/Yr (125 CM/P/Yr
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from fresh water sources and 65CMlPlYr from recycled wastewater)
(Shuval, t99Z).

It is also assumed that while the present

domesticlurbanl

industrial water use on the West Bank and Gazzand in Jordan is only
about 35-50 CM/P/Yr and even less as compared to 10O CIWP/Yr in
Israel, that the water consumption levels will, in time, be the same in all
urban communities, and thus it is justified and necessary to rerognize

the need for an equal water allocation from the beginning.

It

is

understood that this might provide for a larger allocation of fresh water

for agricultural purposes for the Palestinians and Jordanians during the
interim period recognizing that some

3O7o

of the Palestinian population,

and more in Jordan, currently make their living from agriculture
compared to less than 57o in Israel.

In time, with increased standards of living and improved socio.
economic conditions, domestic, urban and industrial use patterns will
grow among the Palestinians and Jordanians so that all of the allocation

of "Minimum Water Requirement" would be used for its intended
domestic/urban purpose with essentially no allocation of fresh water for

agriculture. The agricultural population in the future will be reduced
proportionately and what agriculture will remain will be based mainly
on the use of recycled wastewater. Wastewater will have to be purified

to a very high level. This will be essential to prevent pollution of the

vital ground water sources in the various aquifers found under irrigated
areas. Most of these aquifers are karst and highly sensitive to
contamination from surface pollution. A high degree of wastewater
treatment is also required to atlow the growing of unrestricted crops of
maximum economic value to the farmers.

if part of the MWR is to be supplied to one partner to
the dispute who suffers from a shortage of water to meet domestic
However,

needs, by another from the stock of resources covered by its recognized

historic de facto use, then only the actual domestic; urban and industrial
requirements at any given time would be transferred, up to the full
allocation of the tvMR as real demand grows.

THE WATER RESOURCES OF THE AREA ..
ESTIMATED WATER SUPPLY POTENTIAL OF THE
DISPUTED WATER RESOURCES

GENERAL

In this section we shall summarize the inventory of

the

estimated water supply potential within the area of Israel and the
occupied territories between the Mediteranean and the Jordan River
and the current estimated utilization of those resources (presented in

in Appendix

I

full

by H. Shuval). The main emphasis will be on the three

shared water resources that were considered international shared water
resources or transboundary water resources under international law

prior to the occupation of the territories in

lW

-- the mountain aquifer,

the Gaza aquifer and the Jordan River Basin. It is over the just
allocation, management and control of these resources that an
agreement must be reached between the Israelis and the Palestinians in
the peace negotiations.

For the purpose of this section the combined area of Israel and
the occupied territories shall be call the "area." This analysis

will

be

based mainly on the available reports of the Israel Hydrological Service

and Tahal

-- Water Planning for Israel (Goldberg, 1992; Tahal, 1990

Hydrological Service, 1991), since these are the main available sources

for reliable information on the water resources of the area. Palestinian

(Assaf, ll)85 and 19t36; Tamimi, 1992 and Al-Khatib and Assaf, 1993)
and other sources have been carefully reviewed as well. However,
certain vital information about water sources and water supplies

ol

the

West Bank is not freely available. The details and data in this inventory
as presented

in Appendix 1, have been reviewed for accuracy by some

of the leading hydrologists and water resources experts in Israel, whose
comments and corrections were incorporated in the final version
presented here.

In addition, this material has been reviewed by

knowledgeable Palestinian and Jordanian hydrologists and modified

accordingly.

It is our feeling that this up-to-date water resources

inventory comes as close as is possible to providing an accurate and
reliable evaluation of the true water resources situation of the area at this
time.

This inventory will inilude renewable supplies of fresh water
with salinities not exceeding 400 mg/l chlorides and brackish water
exceeding this limit but generally not more than 5,000 mg/l chlorides.
The brackish waters should be considered a potential economical source

of fresh water for domestic use, if desalinated by the reverse osmosis
process (RO). It will not include unconventional sources such as fossil
water, desalinated sea water or recycled wastewater. Recycled
wastewater can become a major water source in the future if there is an
appropriate investment in urban sewage systems and wastewater
treatment plants for recycling and reuse of the effluent for industrial,

agricultural and urban non-potable purposes. (See Section on
Wastewater Recycling and Reuse).

THE MOUNTAIN AQUIFER
The mountain aquifer can be divided schematically into three
general zones in each of which are a number of sub-aquifers (see Fig
1). The western aquifer, which has always flowed naturally towards
the Mediterranean Sea to its historic outlets at the Rosh Ha'ayin Springs
(Ras el Ein) which fed the Yarkon (el Uja) River near Tel Aviv/Jaffa in

the south and the Taninim Springs and River near Hadera in the north,
is called the Yarkon-Taninim aquifer in Israel. The historic use by the
Palestinians of this aquifer has been limited and much of the water fed
marshes and swamps in the Hadera and Ras e

Ein

(Rosh Ha'ayin)

areas. Its rapid development and utilization dates to the early Jewish

farmers going back some 60-70 years with its
completed within the borders of Israel prior to 1965.

full

development

The northeastern basin of the mountain aquifer
(Shekhem/Nablus) -- Gilboa or Harod -- Bet Shean aquifer also drains

naturally into Israeli territory and has mainly been utilized within Israel
starting with the early Jewish farmers in the Jezreal and Bet Shean
valleys some 60 years ago.
The eastern basin drains naturally to the Jordan Valley and the
Dead Sea, and prior to 1967 a part of it was utilized by the Palestinians

while the remainder went unutilized and either flowed to marshes or
into the Jordan River and the Dead Sea. Since the Israeli occupation,
intensive water development involving deep wells into previously
untapped aquifers has increased the availability of the fresh water
resources of the aquifer. Most of these newly developed fresh water
sources are being supplied to the new Israeli settlements in the West
tsank established since the occupation

in 1967.

As can be seen in Fig 1, the major portion of the recharge area
of the western mountain aquifer is in the occupied territories.
Gvirtzman (19%) has estimated that while some787o of the recharge
area of the western aquifer lies to the east of the "Green Line," (that is,

in the occupied territories), a major part of the storage area of the
aquifer which serves as it natural historic outlet and present optimal
pumping area lies to the west of the "Green Line," (that is, within
Israel). The northeastern aquifer is similarly divided. Essentially all of
the recharge, storage and withdrawal area of the eastern aquifer lies
within the area of the West Bank and is thus essentially not

transboundary waters. Thus, a rough preliminary estimate of the
ground water flow of the western aquifer which originates as rainfall
within the occupied territories indicates that it is some SOVo of the flow

of the western, Yarkon-Taninim aquifer and essentially all of the
northeastern, Shekhem-Gilboa aquifer and of the eastern aquifer.
The exact water utilization by Israel and the Palestinians within
the area of the West Bank from the shared mountain aquifer can only be

extrapolated from various sources. Although Israeli reports and
estimates are unclear on this matter, Tahal has estimated (1990) that
West Bank Palestinian withdrawals from springs and pumping from
wells from the western and northeastern basins of the mountain aquifer
tobe VI MCM/Yr from the western basin and VIMCMIYT from the
north-eastern basin, with an additional3 MCM/Yr supplied through the

Israel National Water Carrier (Tahal, 1990). The same Tahal report
estimates that the Palestinians are culrently using some 59 MCM/Yr

from the eastern basin for a total Palestinian water usage from the
mountain aquifer in the West Bank of about 110 MCM/Yr. The official
Israel Government "West Bank Survey" (1967) estimated that the total
Palestinian water usage in 1967 was 80-100 MClWYr.

Current Palestinian estimates of water usage are in the same

- 130 MCM/Yr with estimates of about 9S
100 MCM/yr used for irrigation and 20-30 for domestic, urban and
industrial use. The difference between the Palestinian and Israeli
range but go as high as 120

estimates may result from the Palestinian inclusion of Eastern Jerusalem

in their estimates. The Palestinian utilization of some

additional

amounts from small surface water catchments may also partially explain
the discrepancy

(Tamimi,l992;Al Khatib, 1992; Abdulhadi, 1992

and

Assaf, 19t35 and 1986).
The total amount of water supplied to Israeli settlements for all
purposes is not officially reported, but has been estimated at 65-1OO

MCMlYr.by different Palestinian sources (Tamimi, 1992, AMulhadi,
IWZ and Al Khatib, 1992).lt is difficult to verify this figure. Some of
this water is supplied directly from the Israeli national water network
and is not pumped from within the West Bank. However, a major
portion of it is pumped from new wells, including those in the eastern
basin, mainly to supply Israeli settlements on the eastern slopes and in
the Jordan Valley. Gvirtzman (1993) estimates that 36-40 MCMA(r are

supplied to the Jewish settlements on the West Bank from this source
alone. Other Israeli sources report that, according to the Israel Ministry

of Agriculture's Master Plan for the development of settlements in the
occupied territories, the planned 1990 water supply to the settlements
was to be 90 MCM/Yr (Kahan, 1987; Ministry of Agriculture, 1983).

There are no published reports that indicate that this goal was ever
achieved.

The Palestinians claim that any water extractions from the
mountain aquifer within the West Bank for Jewish civilian settlements
are illegal and in violation of the Geneva Convention and the rights and

obligations of what is defined as a "belligerent occupier" (El Hindi,
1eeo).

Lacking confirmed, authoritative information on the water
supplied to Jewish settlements on the West Bank and for the purposes

of this preliminary and very tentative estimate we shall assume that
Israel is withdrawing about 50 MCM/Yr from the mountain aquifer
within the West Bank for the use of the new Jewish settlements. Of this
about 40 MCMAf T are from the eastern and northeastern basins and 10

MCM/Yr

the western basin.

To summarize, our preliminary and tentative calculation of the
estimated total mean renewable fresh water potential of the mountain

aquifer (western, northeastern and eastern basins combined) is about
62Nr.of fresh water and some 180 MCM/Yr of brackish water for a
total of 632MCMlYr, as shown in Table

1.

TABLE

1

TENTATIVE ESTIMATE OF TOTAL MEAN R,ENEWABLE FRESE
AND BRACKISH WATER POTENTIAL OF TEE MOUNTAIN
AQUIFER, (ISRAEL AND TEE WEST BANK) AND ITS CURRENT

UTILIZATION
Basin

Total

Potential
MCM/Yr
FW

(Bw)

Israel

by
Palestns

MCM/Yr

MCM/Yr

MClvflYr

27*

l0

Used in

WesternBasin

310(40) 2B

N-Fast Basin

61(70)

Used

(q)

31(70)

Used

by

Unused

Settlmts

25

**
Sub-Total 452(180)
Total(FW+BW) 632
FW -

303(110)
4t3

90(20)

50

(5s)

110

50

(581xx

Fresh Water

(BW)= Smskish Water (not included in Fresh Water)

*

includes 3 MCM/Yr imported to the West Bank from the Israel National Water Carrier

which is assumed for this calculation to be derived from the westem aquifer.

x* Partially

serves as the water source for the Dead Sea-Ein Feshkha Nature Reserve.

It

is

not clear how much of this brackish water source can be tapped upstream as fresh water or

would have to be desalinated near the Dead Sea to purify it for domestic use.
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From the above tentative preliminary analysis it would appear
that the current level of unused water on the West Bank available for

future Palestinian development, without changing current Israeli
historical de facto water usage patterns, is about 60 MCM/Yr of
brackish water from the eastern basin. Much of this water is derived
from saline springs at very low elevations on the shores of the Dead
Sea, far from the urban centers. With appropriate investigations and test

boring it may be possible to extract a significant portion of this unused
water as fresh water by pumping it from higher level, upstream wells

for domestic and urban purposes in the populated mountaintop areas.

If

this does not prove feasible the water could be desalinated and pumped
up about 1OO0 meters for domestic use. The cost of such water will be

too high for agricultural use but would be feasible for
domestic/urban/industrial prrposes.

The fate of the estimated 50 MCM/Yr (rhis figure is only a
tentative estimate) of good quality water withdrawn by Israel from the
mountain aquifer within the area of the West Bank for use by Jewish
settlements built after the occupation of the territories in 1967, is an
open question that

will

have to be resolved.

GAZA
The Gaza Strip is some 360 square kilometers (sq.km.) in area,

and while the exact population figures are not known, the 1992
population has been estimated to be between 600,000 and 800,000.
The 1948 population was about 50,000 and has swelled to its present
numbers due to the influx

of refugees, which has resulted in

extraordinarily heavy burden on the limited local water resources.

the

lsraeli and Palestinian hydrologists agree that the estimated
long-term mean safe yield of the Gaza aquifer is only about 60-65
MCM/Yr. The aquifer has been severely over-pumped for years,
starting during the period of the Egyptian administration between 194&
1967. During that

perid it has been pumped at the rate of
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million

cubic meters/year (MCM/Yr) and more resulting in a serious lowering

of the ground water table below

sea level

in many areas. This has led to

intrusion of saline water from various local saline strata. The salinity
reached levels of over 1500 ppm of chlorides in some areas. In some

of the Gaza Strip the contamination from the intrusion of sea
water and other sources makes the water unfit for drinking or for
areas

agriculture.

After 1967, the Israel military government introduced strict
of new wells
and metering and regulating the amount of water used in agriculture,
similar to the water control regime practiced in Israel. While the overmeasures to partially control over-pumping, the digging

pumping rate has been somewhat reduced, it is still being pumped by
the local Palestinian population at the rate of 100 MCM/Yr which is
some 30-35 MCM/Yr above its rate of natural replenishment. This

aquifer faces the threat of severe salination and total loss of its use by

the local population unless further restrictions to reduce

the

overpumping are enforced and the amounts of additional water that are
needed

for survival are imported or

generated

by desalination of

brackish water or sea water.

THE JORD.A.N RIVER BASIN
The Jordan River is some 360 km. long and drains a total area

of

18,300 sq.km. The sources of the water in the Jordan Basin are in

Syria, lrbanon, Jordan and Israel. The upper Jordan is fed by springs
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with relatively steady flow, the largest of which is the Dan Springs
which are entirely within pre-1967 Israel. While the Hasbani arises in
Lebanon and the Banias arises in the Golan Heights, occupied by Israel

in the 1967 War. The Yarmouk River, the main tributary of the Jordan
River, with a catchment of 7,252 sq. km., (8070 of which is in Syria
and the Golan Heights), flows between Syria and Jordan for 4O km
before entering the Jordan River below the Sea of Galilee (US Army
Corps of Engineers-USACOE, 199 1).
Based on the Tahal report (1990), Israel currently uses almost

all of the available flow of the upper Jordan River and Sea of Galilee,
of about 570 MCM/Yr with a mean annual unutilized overflow to the

lower Jordan River of some 40 MCM/Yr. Prof. Elias Salameh of
Jordan (1992) also claims that Israel uses all the available water of the
upper Jordan and Sea of Galilee, but estimated the quantity as 650
MCIWYr.
The Yarmouk River has an estimated mean annual yield of 4O0-

450 MCM/Yr most of which is diverted or planned for diversion,
mainly for irrigation and hydro-electric power production by Syria and
the Hashemite Kingdom of Jordan. Syria is reported to be withdrawing

currently some 170 MCMA(r to irrigate 15,000 Ha in the vicinity of the

Yarmouk (Salameh, t992). Jordan withdraws some 110 to 150
MCM/Yr via the Eastern Ghor Canal and wells to irrigate 12,000 Ha
along the eastern bank of the Lower Jordan Valley (Belbeisi,1992;
Bani Hani,l992 and USACOE, 1991). Some of the Yarmouk water is
pumped to Amman to alleviate the severe water shortages there. The
actual withdrawal rate is very much a function of climatic variations.

According to Tahal (1990), Israel currently withdraws 25
MCIWYT from the Yarmouk for use by Israeli farmers on the banks of
the River, and in addition some 45 MCM/Yr are diverted to the Sea of
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Galilee during the winter months. This totals a withdrawal of 70
MCIr,l/Yr by Israel.

Thus, according to Tahal ( 1990), Israel's current total
withdrawals from the Jordan River Basin up to the Yarmouk average
64O

MClWYr.

There are conflicting reports on how much water Syria, the
upstream source of much of the flow, is actually diverting from the
Yarmouk. Under the Johnston Plan of 1956, it was proposed that Syria
be allocated 90 MCM/Yr. Syria never accepted this plan, but one
American report indicates that that quantity is what is being withdrawn
currently by Syria (USACOE). That report is most likely nor correcr
since, under the 1987 pact between Jordan and Syria, the Syrians were

allocated 170 MCM/Yr, which apparently was the quantity they were
already de facto diverting through a series of some thirty small earthen
dams along the Yarmouk's tributaries designed to catch winter flood

flows in addition to a number of wells in the Yarmouk ground water
basin (Gruen, 1991). A 1991 study by Dr.Yahia Bakhour for the
World Bank, cited by Gruen (1991), quotes an official Syrian report of
the Syrian State Planning Authority, "Water Resources and Uses in

Syria" which indicates that Syria was then diverting 244MCMlYr out
of the Yarmouk, and that figure is projected to increase ta365 MClWyr
by the year 2010. We are not in a position to validate that figure.

High Jordanian officials and water experts have, according to
sources quoted by Gruen (1991), been severely critical of the Syrian
diversions of more than its agreed upon share of the Yarmouk River,
which in effect has usurped the joint Jordanian-Syrian plan for the

Unity (al Wahdah) Dam

whose goal was to supply essential water

for

Jordan and possibly to the West Bank. Ing. Mu'taaz Bilbeisi (1992),

General Secretary of the Water Authority of Jordan, points out in a
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recent article that the lack of a unified approach to managing the shared

water resources

of the area "has

encouraged unilateral action," and

warns that additional Syrian development of ground water in the shared

basin would "endanger current Jordanian development and greatly
reduce the safe yield available to Jordan."

According to Salameh (1992), there is a flow of some zfl-3{Ju_

MCMA(r in the lower Jordan River which flows into the Dead

Sea.

This water is quite brackish since its sour@s are mainly return irrigation

flows and flows from saline springs. However, this water could
become an important source of additional water for the Palestinians in
the West Bank if it is desalinated by the relatively inexpensive Reverse
Osmosis process to a level appropriate for domestic consumption. We
have assumed for this inventory that some 100 MCIWYT of water from
the Jordan is unutilized and available for development.

To

summarize the water balance on the three shared
transboundary water resources which are directly involved in the
Israeli-Palestinian dispute, Table 2 is presented:
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TABLE

2

The Estimated Water Potential and Use Inventory for the
Three Shared Water Resources Serving Israel, Jordan,
Syria and the Occupied Territories

========_=__=:::'i::::=:::'::::l=============
by
Israel

Resource Total Avail Used

Used

by

632**

463*

by

Unused

Jor(Syr)

Palstn

MCN{/Yr MCM/Yr MC}WYr
l.Mountain

Used

MCNOYT

MCNOYT

110

{.{.x59

90

(minimum deliciQ -34

Aquifer

2.Gaza

60

Aquifer

3.Jordan

+

1,060

ffi

rs0(170)

100

Yrrrouk basin
x*** l0o

4.Lower Jordan 210

4.Totals

1,962

1,107

320

200

225

*Including an estimated 50 MCIWYT used by Jewish settlements built after L967 in
theWestBank.

** Includes

an estimated 180 MCIWYT of brackish water.

*** Mainly brackish water, some

of which could be diverted upstream as fresh water

or desalinated for domestic use.
{3{'{'*

Mainly irregular. Brackish retum irrigation flows

partictrlaly low flow in summer, which could
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and from saline springs

with

be desalinated for domestic/urban use.

From the above inventory, tentative as it may be, it appears that
based on the present historic de facto use of the shared water resources
serving the Israelis, Jordanians and the Palestinians, and at this point
without assuming any transfer of water from one entity to another, the
amounts of unutilized water available in the occupied territories for
further economic development and population growth are limited and/or

of poor quality. Gaza already faces a severe deficit of at least 34
MCMYT, but possibly as much as 55 MCMI(r (Bruin et al, 1991) as a
result of years of over-pumping.

We have assumed here that no party to the shared water
resources

will

agree to forego their present de facto water extraction

rates through unilateral action by another party and that changes will
take place only as the outoome of negotiations and mutual agreement in
the framework of a general peace agreement. Thus, assuming for the

moment no changes in water allocations, then the potential of unused

water in the west Bank mountain aquifer is limited to about 60
MCMAIT of brackish water, part of which may be extracted as fresh
water at higher upstream locations

if sufficient effort is devoted to its

development. The Palestinians may also have available for their use
some 200 MClwYr from the Yarmouk River and the Jordan River. The
estimate

of l0Gl50 MCMIf r of unutilized

water from the upper Jordan

River Basin including the Yarmouk would require the construction of a
major dam to store it. This water is needed both by Jordan and the

Palestinians and only through negotiations will it be possible to
determine its final allocation. If, however, Syrian diversions are as
great as those reported from some sources, then even this potential
source may no longer be fully available. With proper investments in
development, some 100 MCM/Yr of brackish water from the lower
Jordan could be utilized for domestic purposes after desalination by the

RO process which is considerably cheaper than sea water desalination.
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A word of caution involving the use of the above figures since
some of them are difficult to validate at this time. The candid sharing of
accurate and detailed hydrological information is essential to clarify
vital matters. One of the important early steps in a frank and open
negotiation process aimed at reaching a just and honorable settlement
these

should be the full sharing of accurate information concerning water
quantity, quality and utilization from all sources. This data sharing
process should include the opportunity for
measurements

joint monitoring and

of shared water resources and the possibility of joint

verification of the quality of the data.

LOSS OF WATER OF DRINKING WATER QUALITY
DUE TO THE REDUCTION IN WATER QUALITY

In lsrael, water is undergoing a slow but continual process of
degradation of its chemical quality. The salinity and chemical pollution

of ground water is gradually increasing as a result of infiltration of
saline water from underground strata and from the sea, in addition to

return irrigation flows, wastewater irrigation and contamination from
agricultural chemicals, industrial wastes and urban sources of
contamination,(State Controller, I 990). Wi th i ncreasing contamination
more and more wells are closed every year as unfit for drinking. We
have assumed conservatively, as the worst possible scenario that the

amount of drinking quality water lost through degradation of quality
over the next 30 year period will be some 100-300 MCt{/Yr. Assuming
the worst possible scenario this would mean that in the year 2O?3, only

about 1500 MCM/Yr of water of drinking water quality would be
available for domestic supply for the Israeli and Palestinian population
combined in the area between the Mediterranean Sea and the Jordan
River.
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DEMOGRAPHY ESTIMATES OF THE PREDICTED
PALESTINIAN AND ISRAELI POPULATIONS OVER
THE NEXT THIRTY.YEAR PERIOD
[,ong term water resources planning on shared water resources

of future populations of both the
and Israelis. For the purposes of this study we have

requires a reasonable estimate
Palestinians

chosen two planning periods. The first is a l5-year period (to the year

2008) for immediate short term planning. The negotiating partners
should include immediate solutions to be able to meet all perceived
water resources needs that arise in that period from currently available
water resources. The second is a long-term thirty-year planning

perid,

up to2023.

ESTIMATED PALESTINIAN POPULATION GR.OWTH
In Appendix II, Al Khatib and Assaf (1993) present an estimate

of the Palestinian population growth over a 30 year period. They point
out that there has been no population census in the occupied territories
since that held by Israel

in 1967 immediately

after the occupation.

Therefore, population information is often based on different official
Israeli statistics and non-official Palestinian estimates. The projection of
the various population figures for the beginning of 1993 show that the
Palestinian population in the occupied territories ranges from the low

Israeli figure

of

1,800,000

to a higher Palestinian estimate of

2,149,OOO.

The Palestinian figure takes into consideration the total number

of Palestinians who have Israeli identity cards, including those staying
temporarily abroad for work or study, and those living in East
Jerusalem which has been annexed by Israel. The low figure only

counts those currently residing in the West Bank and Gaza, as is the
practice followed by the census in Israel and most other countries. The

low figure also excludes those Palestinians living in East Jerusalem.
The following estimate for the future growth of the Palestinian
population has been made by Khatib and Assaf (1993) and is based on

the following assumptions which are presented here as the personal
opinions of these authors:

will be a peace agreement between lsrael and the Palestinians
which will be based on mutual recognition and mutual respect leading
to the establishment of an independent sovereign Palestinian entity
a. There

(state) with control over its land and natural resources which
peace side by side

with the State of Israel.

b. After the peace agreement, the Palestinian population
sense

will live in

will feel a

of security and tranquility accompanied by an improved standard

of living. This will lead to

a drop

in average population growth rates to

3Voby the year 2ffi3,257oby 2013 and 27oby the year 2023.
c. After an independent sovereign Palestinian entity is fully established

there

will be an immigration of

between 650,000

to

1,000,000

Palestinians by the year 2003.

Based on the above assumptions they have estimated that the population

growth of the Palestinians will be as shown in the following Table 3:

N

TABLE 3
Estimated Palestinian Population Growth in the VYest Bank
and Gaza
According to Khatib and Assaf (1993)

YEAR

LOW

l9q3

1,900,000

2000

2,930,000

MID*

HIGH

2,000,000

2,149,CN
3,722,ON

3,800,000

2008

4.765,WO

2013

3,750,000

2023

4,571,000

* Middle

figure adopted as the team consensus figure for planning

5,809,000

5,000,000

estimate purposes only.

Without taking a position on the assumptions on which the
above estimates were made, the team has accepted, for the purposes of
making preliminary estimates of the future waler requirement of the
Palestinians in this study, the assumption that

population

will

will

in

15 years (2008) the

reach 3,800,000 and the 2023 Palestinian population

reach about 5,000,000. These are middle rounded figures between

the above high and low estimates.

ESTIMATED ISRAELI POPULATION GROWTH
The Israeli Central Bureau of Statistics has reported that the
population of Israel at the beginning of 1993 reached 5,000,000 which
included the immigration of some 4O0,000 persons from the areas of
the former Soviet Union.

There have been a number of Israeli estimates of future
population growth. Proginin and Glass (1992) have estimated the
population growth based on information on immigration prior to 1990.
In their estimate for the year 2O2O they predict a population of
8,000,000 based on an assumption of limited additional immigration,
and that the population growth rate in Israel would drop as low as lVo

per year by the year 2O2A.

Shuval, in Appendix III, for this report, has estimated that the

it does not give sufficient weight to the very
high population growth rate of the non-Jewish population in Israel, the
continued high birth rate of the growing religious sector of the

above estimate is low since

population, nor to a morc plausible estimate of the emigration from the
former Soviet Union which may reach an additional

I million

persons

by they year 2003. He has assumed that the Israeli growth rate will

continue at l.8Vo until the year

2OO3

and that there

will

be an

immigration of 1,000,000 during that period. Between 2C03 and2Ol3
he has estimated a slight reduction of the growth rate to l.'77o and an

immigration of an additional 300,000, then a growth of 1.67o untll
2023 when it may drop to 1.57a. The two estimates are presented in
Table 4:

Table 4
Estimated Population Growth of Israel
YEAR

LOW*

HIGH**

1993

5,000,000

5,000,000

2000

6,000,000

6,860,000

2008

6,500,000

7,700,000

20t3

7,000,000

8,457.000

2023

8,000,000

10,000,000

================================================
* According to Proginin and Glass (1992)

** According to Shuval -- this

study.

Without taking a position on Shuval's ilssumptions the team
has, for the purposes of this study, accepted the use of the estimate of
7,700,000 for the l5-year period (2008), and 10,000,000 for the
population of Israel in the year 2023 based on Shuval's estimate.

It is recognized that there are many different

approaches in

making demographic estimates of future populations and there may be
sfong political and ideological feelings about one set of assumptions or
another. It is also recognized that in this case there are many political,

economic and demographic unknowns and uncertainties. But for the
purposes of this study, the rough estimated 2023 populations of 5

million for the Palestinians and 10 million for Israel are considered as
useful working hypotheses for such a preliminary study as this, even if
there is disagreement on the assumptions on which they are based.

Even

if

bit too high or a bit too low on one
side or the other, the team holds that if is not unreasonable to assume
these estimates are a

that these populations

will

be reachecl sooner or later within a range

of

five years earlier or later than estimated.

ESTIMATE OF THE TOTAL MINIMUM WATER
REQUIREMENT . MWR FOR THE ISRAELIS AND
PALESTINIANS AND THE EXTENT THAT THEY CAN
BE MET BASED ON EXISTING WATER RESOURCES
As the basis for calculating future water requirements we have
proposed for consideration the "Minimum water Requirement" needed

for community survival which is estimated for the purposes of this
study to be 100 cubic meters of fresh water per person per year
(cM/P/Yr) to meet minimal domestic, urban and industrial
requirements, and an additional allocation of 25 cMtpYr of fresh water
for fresh vegetables and farm animals for local consumption (shuval,
1992).

Based on estimates of future availability of water resources 30

years hence, there

will

be little or no fresh water from renewable
sources available for agriculture since it will essentially all be required

to meet the MWR of the Israelis and the palestinians unless major
external sources of water are developed (Shuval, r9y2). Thus, in the

first instance, for the purposes of our estimates there will be no
allocation of fresh water from renewable sources for agriculture other
than the minimal amount for fresh vegetables for local consumption and

farm animals (25 cM/P/Yr). However, agriculture could have at its
disposal significant quantities of highly treated recycled urban
wastewater. The potential amount of recycled water can reach at least

65Vo

of the total amount of water supplied for urban/industrial

purposes, i.e. 65 CM/P/Yr.

In this study it will be assumed that the "Minimum Water
Requirement" MWR of I25 CM/P/Yr will apply to the Israelis for the
full 3O-year planning period although this is the amount of water
currently used in Israel for these purposes. It is assumed that Israel will
improve its water use efficiency and promote water saving and other
water conservation measures, including urban non-potable wastewater

recycling and reuse.

Al Khatib and Assaf (Appendix II)

have estimated the water

demand projection for the Palestinian population for domestic, urban,

industrial and fresh vegetables for local consumption. They have
assumed that the water consumption will grow with an increasing
standard of living till within a 30 year period it will reach that of the
Israelis according to the following Table 5:

TABLE 5
Estimated Increase in the Annual Palestinian \ilater

for

Domestic, Urban, Industrial and Fresh
Vegetables over a 3O-year Period (2023)

Demand/Person

YEAR

WATER DEMAND
MC/P/Yr

19g3

67

2m3

u

2W8

100

20t3

110

2023

t25

Based upon the above assumptions we can now calculate the

estimated total MWR for the Israelis and Palestinians for both the 15
year and 30 year planning periods.

It is our assumption that while the principles for resolving the
problems that may arise by the end of the 30 year planning period
should be delineated during the current negotiations, the long term
solutions, such as long-distance inter-country water transport projects
and/or sea water desalination plants, will require careful planning and
evaluation as well as major international financing. It will take a number

of years before final decisions can be made in developing plans for
projects ftat will fully meet the area's minimum anticipated needs thirty
years from now.

However, we feel that concrete plans and commitments to arrive

will arise in
the immediate short-term planning perid -- that is, within a l5-year
perid should be made in the framework of the current negotiating
at ajust and equitable solution of those water problems that

Process.

What follows in Table 6 is our preliminary estimate of the area's

total MWR for 1$ and 3Gyear planning perids.

TABLE 6
Estimated Total Amount of Water Required to Meet Israeli
and Palestinian Minimum Water Requirement ' MWR
Within 15- and 30'Year Planning Periods
================================================
YEARPOPUT^ATION CAPITADEMANDMWR TOIALWATERDEMAND}VtWR

(MLLToNS):1"*r,".

ISR
PAL
A<s) |

ISR

rsR ,orl
5
200f3 7.1
2023 to

1992

..

2
3.8
5

125
r25
t25

l"CM/YR
PAL

TOT

eol

A(B)

(67) 62s 25O(r34) 815 Q59)
125(1m) 963 475(380) 1438(1343)
r2fi 625 1875
125
tzs

A- The Palestinian water demand if it is assumed that the allocation will
b 125 CM/P/Yr from the siart, regardless of actual domestic, urban,
and industrial demand. This approach would enable Palestinians to use

more water for agriculture in the interim

year planning period when

perid until the end of the 30

it is assumed that domestic,

urban and

industrial demand would actually reach the l2SCMlPNr level at which
time no replenishable fresh water would remain for agricultural use'

During the interim period the Palestinians will be able to develop the
needed infrastructure for sewerage systems required for effective
wastewater recycling and reuse.

B- Anticipated actual Palestinian water demand based only on the
for domestic, urban, industrial and
fresh vegetable purposes as estimated by Al Khatib and Assaf (1993),

assumed per capita water demand

assuming no other allocation for agriculture.

would enable Palestinians to use more water for agriculture in the
interim period on condition that this would not involve water transfers
from Israel that would rEuire Israel to reduce its agricultural utilization
of water.t'
Based on the above analysis,

it is apparent that within 15 years
the Palestinians will require 380-475 MCM/yr just to meet their
Minimum Water Requirement-MWR for purposes of community
survival. our best estimates of the amounts of water currently utilized
by the Palestinians in the occupied teritories are r2o MCM/yr in the
west Bank and 90 MCM/Yr in Gaza of which 30 MCM/yr are from
over-pumping, so that in reality only 60 MCM/Yr are available from
Gaza as assured long-term renewable fresh water. This makes the total
currenfly available to the Palestinians at this time l8o MCM/yr or on a
per capita basis some 90 cM/P/Yr. In order to meet even the absolute

minimal MwR within a l5-year period, as estimated in Table 6 of 380
MClvoYr the Palestinians will require an additional2D MClwyr. If the
higher goal is to be met they will require an additional2gs MCtWyr.

Based on the inventory
summarized in Table 2

it

of water resources of the area

as

appears that without changing the current

water utilization levels within Israel proper, there remains about 60

MCM/Yr of unutilized water potential in the eastern basin of the
mountain aquifer in addition to the Palestinian claim on the 50 MClwyr
pumped by lsrael mainly from the eastern aquifer for new Israeli
settlements built in the west Bank after 1967. There also may be a
possibility of utilizing some l0o MCM/Yr of partially brackish water
from the unutilized flow of the lower Jordan River currently flowing
into the Dead Sea.

These sources together may provide the Palestinians direct
a@ess to an additional 100-200 MCIIOYr, without directly reducing the

amount of water used de facto within Israel proper.

This will leave the Palestinians short some 200 MCM/Yr
required to meet the MWR needed for survival. The peace process
negotiators will have to find ways to resolve this problem.
In addition to the Palestinian water rights claims against Israel
and their call for a greater share of the western and northeastern basins

of the mountain aquifer (Yarkon-Taninim and Shekhem-Gilboa
aquifers), other potential water sources that undoubtedly will be
discussed are some 100-150 MCM of water from the Yarmouk River
that the Palestinians claim as their right as a riparian partner on the
Jordan River was supposed to be supplied to them by the Hashemite

Kingdom of Jordan by the construction of the Western Ghor Canal in
the Jordan Valley. Jordan committed itself to this project under the
Johnston Plan and

it

was actually approved for construction by the

Jordanian government prior ro L967.

It is beyond the scope of this study to prejudge the issues

at

stake or to make any assumptions as to the possible outcome of the
negotiating process concerning all of the above controversial claims and

counterclaim and options for increasing the much needed allocation of
water to the Palestinians. One thing however is apparent from Table 4 -

while there may be interim solutions to solve the Palestinian's acute
water problems in the short term, 15 year planning perid, the situation
is much more difficult for the 30 year planning period.
Within about 30 years the Palestinians will have a "Minimum
Water Requirement" MWR of 625 MCM/Yr and the Israelis will have
an MWR of 1250 MCM/Yr for a total of 1875 MCM/Yr. At that time

Jordan will also be facing critical water shortages and will not even be

able to meet the MWR for survival of it own population which

will

have more than doubled by that time. The demands for fresh water

of

drinking-water quality to meet the needs of the combined Israeli and
Palestinian populations of some 15 million will be greater than the total

available supply of fresh potable water in the area between the
Meditenanean Sea and the Jordan River. Thus it will become essential,
if this minimum need for water is to be met, for additional water to be
supplied from outside sources regardless if there is some reshuffling of
water allocations between Israel, Jordan and the Palestinians. Actually,

long before the end of the 30-year long-term planning perid, it will be
essential to introduce additional supplies of potable water by intercountry water transport projects and/or sea water desalination.

We take special note of the urgent situation of Gaza with its
present water deficit of 30-35 MCM/Yr which must be met
immediately, independent of the West Bank requirements.

In addition, there is no certainty that all of the so called
unutilized water could be exploited in economically feasible projects.
Some of it is brackish and would have to be desalinated, while much of

it is from Jordan Valley

sources some 1000 meters below and 30-80

km distant from the mountaintop urban areas that would be the prime
consumers of water for domestic, urban and industrial purposes. The
unused water from the Jordan River basin is also claimed by others,

MCM/Yr which Jordan allocated for use on the West
Bank in its Western Ghor Canal plan might not be available today
because of the increased Jordanian needs and because of Syrian
and the 100-150

diversions beyond those allocated in the Johnston Plan or even beyond

the amount agreed upon between Jordan and Syria in their bilateral
water treaty of 1987.
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POTENTIAL SOURCES OF ADDITIONAL WATER
RESOURCES: REGIONAL W.A,TER IMPORT PROJECTS
AND SEA WATER DESALINATION
It is our estimate that within the 15-30-year planning period the
Palestinians, Israelis and Jordanians will be faced with the beginnings

of a total system shortage of water required to assure life
reasonable development which

will

and

increase in severity with time. The

total renewable fresh water resources of the area, regardless of any
reallocations among the partners, will be approaching total utilization
solely for domestic/urban/industrial use with essentially no fresh water

for agriculture. It is thus our conclusion that the only way to alleviate
this approaching total system shortage is to increase water supplies
from external sources. Reducing demand below the subsistence level
(the MWR) is not feasible from an economic, public health or human
point of view. The MWR allocation that we have suggested is, in our
estimation, the absolute minimum for community survival and does not
include any allocation for agriculture, other than that required for the
symbolic supply of fresh vegetables for local consumption.

While we definitely foresee the need to develop major projects
for the import and/or desalination of water at some date in the future, it
is beyond the scope of this study to presume that we can suggest how

to

allocate the additional water among the parties, who would pay for

it, the timing of the construction of such projects and how they would
be financed. The partners to the water dispute hold conflicting views on
these matters and we

will not enter into

these issues.

We do point out, however, that major engineering projects,
particularly inter-country projects, require a very long lead time to reach
realization. The engineering feasibility studies followed by the need to
reach political agreement between nations may in themselves take yeam,
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while the design and construction could also involve many further years
under the conditions of the area. In many cases such inter-country
projects have taken 10-15 years and more to complete.

Water Transport and Desalination projects
Dr. Kally (1993) (Appendix IV) has made preliminary cost
estimates of inter-regional water conveyance projects and of sea water
desalination plants based on desk studies at 1992 prices and two
possible rates of interest, 67o and rz%o.The higher rate is representative
of commercial bank rates while the lower rate might be made available
for projects sponsored and subsidized by the international community
with the intention of promoting major investments to further the peace
process. Some evidence indicates that the lower interest rate might
actually be available for Middle East water projects in the framework of
a peace agreement. We suggest, for the purposes of our rough
preliminary estimates and comparisons, the costs of projects delivering
100 MCM/Y r at 6vo interest be considered as a close approximation

of

the cost of the water transport projects being evaluated.

The options examined for major water transport projects include

eight origin points and six destination points as shown in Figure 2.
Among these points, 15 routes were defined for which water
conveyance costs were calculated.

For the sake of simplicity, we will present in this summary only
selected options to illustrate the main findings (see Appendix IV for full
details).

All figures

for closed pipelines with pumping as required
due to the topography, except for la which is for an open canal from
the Nile River to Gaza. The following options are presented in Table
,7:

are
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TABLE 7
EYALUATION OF POSSIBLE WATER IMPORT
PROJECTS: COST OF INTER.REGIONAL CONVEYANCE
oF WATER -- DR. ELISHA KALLY (1993)
(SELECTED OPTTONS)

SUMMARY OF ESTIMA,TED UNIT COST OF W.A,TER
FOR 100 AND 200 MCM/YR AT 6Vo a,nd l2%o II'{TEREST
RATE

PROJECT

1.

DISTANCE

INVESTMENT UMTCOST-$ICM
100 2@
100 200
MCM/YR
MCMiYR
6Vo(127o\ 6%o(l2Vo\
MIL $

NII.E-GAZA 39OKM 339

" 'CANAI. 390KM ?
2. AWAU-WB 180KM 157
3.AWALI-HASBN 4OKM
35
4.UTANI-WB 140KM 122
7
S.UTANI-HASBN 8KM
6.GOHOR-WB 40KM 35
7.EUPH.YARMOUK485I(M 422
8.EUPH-AMMAN 58OKM 505
9.EI]PH-WB 580KM 505
IO.DESAL SW.RO 128 MCM/YR
la.

,f

431

.38(.se) .33(.4s)

?

.te(2e) .17(.22)

202

.36(.216) .34(.40)

45

.11(.13) .1r(.12)

t51

.nQs\

9
45

.2s(.30)

.o3(.03) .02(.03)
.31(.33)

.31(.32',)

Y3

.3e(.6e) .33(.s2)

974

.68(.el) .60(.7e)

974

.68(.el) .60(.7e)

???

.78 (.88)

* DESALINATTON COSTS DO NOT INCLUDE CONVEYANCE

v

Explanation of Table 7
1. Nile-Gaza,

pipeline

la. Nile-Gaza, open canal
2. Awali River in lrbanon to the West Bank
3. Awali River in Lebanon to the Upper Hasbani River
4. Litani River in lrbanon to the West Bank (mountain ridge cities)
5. Litani River in lrbanon !o the Upper Hasbani River
6. Yarmouk River-Western Ghor Canal in the West Bank of the Jordan

VaIley

7. Euphrates River Dam in Syria to the Unity Dam on the yarmouk
River
8. Euphrates River Dam in Syria to Amman

9. Euphrates River Dam in Syria to the West Bank (mountain ridge
cities)
10. Desalination

of the

sea watier, not
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including water transport costs.

It is assumed by Kally (Appendix IV) that the maximum water
cost that can be borne by agriculture is about $0.25lM which is the
maximum product value for water for most irrigated crops grown under
normal modern agricultural techniques. The Israel Water Commission
set its maximum feasible water cost for new projects at $0.35/M in its

guidelines to Tahal

-- Water Planning for Israel (Tahal, 1990) in

preparing the 19t38 draft Israel Water Resources Master Plan. However

that figure most likely assumed continued subsidization of water for

agriculture and/or innovative capital-intensive forms of hothouse
agriculture capable of producing very high yields with low water
consumption, which are able to afford more expensive water than
normal modern agriculture.
Based on this assumption,

it is obvious that only options la, 3

and 5 could deliver imported water at a cost lower than $0.25lMC

which would be economically feasible for agricultural use.
Domestic/urban water use is more or less inelastic in relation to price

and urban users can normally afford to pay much more for water than
can irrigated agriculture where the price of water is a major element in
the production costs.

In 1993,

residents and industries in Jerusalem and

Bethlehem were paying about $1.00/CM and more for potable quality

water supply including the tax for sewage and sewage disposal.
assumed that in the future urban and industrial consumers

will

It

is

be able

to pay for imported water from any of the above water transport
projects which ftu:rge in cost from $0.31-0.68/CM (for projects of 100
MCM/Yr at 6Vo interest). Urban and most industrial users will most
likely be able to pay even the cost of desalinated water at $0.80/CM
when other cheaper alternatives are not available. However, it must be
pointed out that desalination plants are located on the sea coast, and

while water could be produced there at an estimated cost of $0.8G
0.90/MC, it will have to be pumped to consumers at an additional cost.
This additional cost might be as much as $.35/CM in the case of the

high mountain ridge urban areas, bringing the total cost of the delivered
desalinated sea water to $1.15-1.25lCM.

The \ilater Exchange Option
Since most of the above water transport projects are expensive

and some, such as the Euphrates projects, approach the cost of
desalinated water, we suggest that serious consideration be given to
another less expensive option which can result in a major increase in the
availability of water for Jordan and the Palestinians. We call this the
Water Exchange Option. Our proposal is that the potential water-short

entities (Jordanians, the Palestinians and possibly the Israelis) join
together to purchase a significant amount of Euphrates River water
from Turkey (say 300 MCM/Yr) which will be released by Turkey to

flow naturally through the Euphrates River to Syria where it will

be

stored for use by Syria in the Syrian Euphrates Dam.

This amount of water will be above and beyond that which
Syria normally claims and uses from the Euphrates River. In exchange,
Syria will release some 200 MCIWYT of water from the Yarmouk River

which is presently diverted and stored for local irrigation by Syria in
some 30 small dams on the tributaries of the Yarmouk (Gruen, IWZ).
The water released by Syria will be made available, mainly to the water

short Jordanians and to the Palestinians, by storage in the Unity (ell
Wahdah) Dam and by transport to the West Bank through the Western

Ghor Canal or by other means. A portion of the replenished Yarmouk
River flow could be allocated to Israel which is also a riparian on the
Jordan River-Yarmouk River international water basin and which may
be affected by any changes

regime.

in the Yarmouk River flow and utilization

The Syrians might request that this project concept be extended
to include transport of water from the water-rich areas in north Syria to
the water-short areas in south Syria, presently inigated with Yarmouk

water. Such an open canal or pipeline might be sponsored by the
international community. We have not investigated the costs of this
option but feel that it will be relatively lower than the other large-scale
transboundary water conveyance projects. It also has the advantage that

it does not involve the construction of long transboundary pipelines or
canals with all of the sensitive political problems involved. The water
exchanged will flow mainly in its natural river beds.
Syria can gain by this concept by a favorable water exchange

rate, receiving more Euphrates water than the amount of Yarmouk
water it gives up. It will also gain significant amounts of hydroelectric
power from the Unity -- el Wahdatr Dam project based on its agreement

with Jordan. Jordan and the Palestinians can gain since this concept
will allow for the revival and completion of the Unity -- el Wahdah
Dam which is so vital to Jordan and can make possible the fulfillment
of their commitment to supply water to the West Bank through the
Western Ghor Project. At this time it appears that the Unity Dam project
is stalemated due to heavy Syrian diversions of water in the upper
reaches of the Yarmouk and because no agreement has been reached as

yet with Israel as to its share of the Yarmouk water.

All

partners can

gain by this concept and the costs should be less than the other options

to transport water into the water-short areas of the Middle East. This
concept may also be more acceptable politically since it does not involve

transboundary pipelines and is based on water exchange through the
existing natural river beds.

A full feasibility study of the engineering, economic

and

geopolitical aspects of this concept is being planned by our project team
as the next phase

of our study.

In conclusion, according to our preliminary estimates there is an
urgent need to make plans and mobilize the investments required for
projects to increase water availability in the water short areas capable of

producing about 5OO-800 MCM/Yr of water. We estimate that such
quantities of water will most likely be required to alleviate the
anticipated combined water shortages of the three major parties -- the
Palestinians, the Jordanians and the Israelis within the 15- to 30-year

planning perid. Detailed planning for such projects should be started
as soon as possible and the world community should mobilize the

financial resources needed to fund such projects which we estimate
could be about 2,000-3,000 million U.S. dollars (2-3 billion U.S.
dollars).

Unless this process is initiated in the near future essential
projects may not come on line in time to alleviate major developing
shortages

in the area that will equally affect the Palestinians,

the

Jordanians and the Israelis. We also feel that it is essential for all the

parties involved in the multi-lateral negotiations on water to commit
themselves at this time to the development of major water import and/or

desalination projects so as to assure the parties to the conflicts over
water resources that in the long run there will be enough water for all.

of sufficient water, will help the sides make the
difficult compromises essential to reach a peace agreement. If such
Such assurances

major projects involving multi-billion dollar investments are postponed
to some later date they will lose the momentum and motivation provided

by the peace process and may never again gain the global financial
support required for their implementation.
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WASTEW^ATER RECYCLING AND REUSE
As we have shown in the previous sections, within a 30 year
period almost all renewable fresh water resources of the area will be
required for domestic/, urban and industrial purposes with little or no
fresh water available for agriculture. The main potential source of water
for agricultural inigation will be recycled and reused treated wastewater
and other marginal waters such as flood waters and brackish water. we
have assumed that some 657o of the urban/industrial water supply can

be recycled

if

properly collected by sewage systems and properly
designed and operated high level wastewater treatment plants (Shuval,
1e90).

Shuval (1992) has estimated that by the year ZOZ\ the
Palestinians could have available as much as 325 MCM/yr of
wastewater for recycling and reuse for agriculture and other purposes.
lsrael would have available some 650 MCM/Yr of wastewater. If these
amounts of water become fully available for agricultural, industrial or
urban non-potable reuse, they can provide a most important input into
the water resource balance of the area and can enable the continuation of
major agricultural activities with relatively low cost water. without fully
developing the recycling of wastewater there can be practically be no

agriculture in the area. In addition to its value as water for irrigation
wastewater also contributes important nutrients to the soil and can
completely replace the need to add commercial fertilizers and organic
matter to the soil.

It is essential that a master plan for wastewater collection,
disposal, recycling and reuse be developed and initiated in the nearest
possible future to assure both the prevention of the pollution of the
ground watrer resources of the area and to enable the recycling and reuse
in agriculture of as much water as is feasible.

Since most of the mountain area lies above the highly permeable
feed areas of the mountain aquifer, wastewater irrigation in those areas

is not generally feasible. The master plan for wastewater recycling
should determine the areas where wastewater irrigation is feasible from

a soils and hydrogeological point of view, and direct the treated
wastewater of the major urban areas in the mountaintop areas to those
areas. For example, while the ground water underlying the areas near
Jerusalem and Ramallah is highly exposed to infiltration and pollution,

this is not the case for the Jordan Valley where the ground water under
the valley floor is mainly saline and is of only limited use.

Major investments in sewage systems must be planned for the
urban areas as they develop. A rough preliminary estimate can be made

of the needs for investment in sewage systems including treatment for
disposal and reuse. Based on costs in Israel, an investment of some
$5O0/person is required to provide for complete modern wastewater
collection, disposal, treatment and recycling system .
Thus, for every increase in the urban population by one million
persons some $500 million

will

have to be invested in providing a

proper wastewater infrastructure. For the Palestinians, with their
anticipated population growth over 30 years by some 3 million persons,
most of whom will live in urban areas, an investment of some $1.5
billion will be required to assure the protection of the pullic health, to
prevent the pollution of the environment and to enable the recycling of
wastewater for agriculture or other purposes.

Only the additional costs of transport, storage and extra
pumping and treatment that might be required for agricultural reuse
should be considered in the cost of wastewater for the farmers. The full
costs

of collecting and treating wastewater to assure the protection of

the environment and the health of the public should be the responsibility

6l

of the cities. Studies in Israel have indicated that while the cost of
treating wastewater in 1993 to meet public health and environmental
requirements is estimated to be about $0.25lCM, the extra pumping,
storage and treatment costs involved in wastewater recycling and reuse
are only another $0.10/CM which makes recycled waste water one of
the least expensive and most attractive sources of water for irrigation.

As we have shown previously, few

if any water import

projects can

produce water at a cost feasible for agriculture.

However, without the requisite investment in the required
wastewater collection, disposal and treatment systems, this source of
water will not become available or will be available in the form of raw,
untreated and unsafe wastewater streams from the cities which will
pose a threat to the public health and expose the underground water
resources to serious pollution while exposing the farmers and their

crops and the public at large to disease-causing microorganisms of
wastewater origin.

The mobilizing of major investments to provide all urban areas

with a proper wastewater disposal and treatment system is vital for
long- term health and environmental protection as well as essential to
assure the maximum availability of water for economic development in
the water short area under consideration.

SUMMARY AND CONCLUSIONS
In this report prepared by an Israeli-Palestinian team of water
specialists, we have tried to define the nature of the water conflicts
between the Israelis and Palestinians and have attempted to present the
main claims and counterclaims of the parties as to their water rights and
water security needs. We have not attempted to determine where justice
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lies or to make specific proposals as to reallocations of water resources
among the parties. Such matters must be left up to the parties in direct

negotiations. Since the study team is made up of individual scientists
who do not represent the official position of either side, we have not
attempted to prejudge the outcome of the negotiation process and have

purposely avoided, where possible, controversial issues on which we
could not arrive at a consensus.
We have estimated the present inventory of surface and ground
water in the area between the Mediterranean and the Jordan River its

present utilization by the Israelis and the Palestinians based on
information from the best reliable sources available. From this study we
have concluded that the total renewable fresh water supply of potable

quality available today between the Mediterranean Sea and the Jordan
River was in 1993 about 1800 Million Cubic MetersA(ear (MCM/Yr),

and the portion of this that is currently unused by Israel or the
Palestinians may be some 100-200 MCIv{/Yr.

We have assumed as the worst possible scenario that the portion

of this supply suitable for drinking water purposes will be reduced by
some 100-300 MCM/Yr over the next 30 years due to increasing
salination of ground water and growing contamination of all water
sources from agricultural, industrial and urban sources of pollution and
reduced infiltration of rain water as a result of impervious land coverage

by urban development. Thus we have conservatively assumed that the
total amount of fresh water of drinking-water quality available in2O?3
could be as low as 1500 MCMlYr.
Based on this analysis and our review of international water

law, we have proposed a series of basic principles and guidelines for
action which we feel may provide the parties with a point of departure

for reaching an agreement on an approach which will assure a fair and

equitable basis for the utilization of very limited fresh water resources
shared by the Israelis and Palestinians.

We have suggested that each entity should be assured, on an
equitable per person basis, that it will have at its disposal at least its

"Minimum Water Requirement" MWR for community survival. We
have defined the MWR as 100 cubic meters/person/year (CM/P/Yr)
which is a reasonable amount of water required for domestic, urban and
industrial use based on efficient water management and effective
conservation. In addition, we have included in the MwR an allocation
of 25CMlPlYr for the growing of fresh garden vegetables for local
supply. (Dr. E. Kally's version is that the MWR should be 125
MCM/PAir for domestic/urbah/industrial purposes with no allocation
whatsoever for agriculture). We have also assumed that 657o of the
water supplied for urban and industrial purposes can economically be
recycled for reuse for agriculture, industry and/or urban, non-potable
purposes. Thus recycled water can provide a significant amount of
inexpensive water for continued commercial agricultural activity.
Based on the estimated population growth over a30 year period

we have assumed that the number of Israelis will reach 10 million and

will be 5 million by the year 2U23. The total
amount of water required to meet the MWR of the Palestinians in the
year 2023 is estimated to be 625 MCM/Yr and of the Israelis 1250
MCMAIT for a total of 1875 MCtWYr. This demand is greater by some
400 MCM/Yr than the estimated 1500 MCM/Yr of fresh water
resources of drinking water quality that will remain available to the
Israelis and Palestinians combined, regardless of whether there has
the number of Palestinians

been any shift

in water allocations between the two parties.

By the year 2023, the Palestinians alone will require an
additional 450 MCM/Yr above what they currently are allowed to use
@

just to meet the Minimum Water Requirements - MWR needed for
survival. The peace process with the help of the international
community will have to find a solution to meet this essential human
need.

Based on our estimate

of the severe developing

shortage of

water to meet minimum human needs for community survival, we
evaluated the possibility of developing a number of water import and/or

from about $0.10O.2Olcubic meter (CM) for short pipelines from the Litani River and
Awali in Lebanon to the Hasbani River and from the Nile to Gaza, to
sea water desalination projects. The cost varied

some $0.80/CM for water transport projects from the Syrian Euphrates

Dam to the West Bank and about $0.80 for sea water desalination at the

coast.

In most cases the cost of imported water is estimated to be

greater than the $0.25lCM which is about the ma:rimum that agriculture

can afford. Based on this, we assume that imported or desalinated
water would be used only for tlomestic, urban and industrial purposes
which can afford to pay for water at those prices.

We have also suggested that a water exchange concept be
evaluated under which water would be purchased from Turkey by
Jordan, the Palestinians and possibly the Israelis but would be
delivered to Syria by natural flow in the Euphrates River. In return for
this Syria would release the flow of the Yarmouk River to the Unity - el
Wahdah Dam for use by Jordan and the Palestinians and possibly by
Israel. This project might be more economical than most other water
import projects but requires further detailed investigation.
We feel that it is beyond the scope of this study to suggest the
ways of allocating the additional water introduced, who should pay for

it and when the projects should be built. These are issues that must be
negotiated by the parties themselves. However, we do feel that the

parties and the international community must be aware of the fact that

within a 15- to 3O-year planning period, major imports of water
amounting to some 400-600 MCM/Yr -- will be required to meet the
minimum survival needs of the population of the area. The investments
involved are estimated to be about 1-2 billion dollars. If these projects
are to come on line in time to meet the needs, the planning process

will

have to be initiated in the nearest possible future since the lead time on

such complex inter-country projects is often 15-20 years. The
international community should make a commitment at this time to
support such projects so as to provide a major impetus and motivation

to the peace process.

It is also essential to invest large sums of money in developing
the infrastructure for wastewater collection, disposal, treatment and
recycling so as to protect the public health, prevent environmental
pollution and to conserve and reuse the huge amounts of wastewater
that will be generated. Several billion dollars will be required for
investment in wastewater systems. However, most of the cost is
required for environmental and health protection. Only the marginal
cost of storing, transporting and treating the wastewater for reuse
should be charge to agriculture. Thus, the estimated marginal cost of

recycled water for agriculture is about $0.10/CM which makes it a
highly attractive source of water that can assure continued agricultural
development of the area, since no fresh water of drinking water quality

will

be available for agriculture in the long run.

In conclusion the Palestinians and the Israelis will face serious
water scarcity in the 15- to 30-year planning perid, and a major effort
to develop regional water projects desalination of sea water and the
reuse of wastewater will be essential for the welfare of the population
of the area. The parties, together with the international community, will
have to start soon to mobilize major investments and planning skills to
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solve the water problems of the region if they are to avoid serious water
scarcity in the not so distant future.

Nader

Al

Khatib

Karen Assaf

Jerusalem, July 1993

Elisha

Kally

Hillel Shuval
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APPENDIX I

AN INVENTORY OF THE WATER RESOURCES OF THE
AREA, OF ISRAEL AND THE OCCUPIED TERRITORIES
AL ^A'ND
E srl MAr

""
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INTRODUCTION
In this report we shall present an estimated inventory of the
water resources potential and de facto water usage within the area of
Israel and the occupied territoriesx between the Mediterranean and the
Jordan River. For the purpose of this report the combined area of Israel
and the occupied territories shall be call the "area.". This analysis

will

be based mainly on the available published reports of the Israel
Hydrological Service and Tahal - Water Planning for lsrael (Israel
Hydrological Service,lggl; Goldberger, 1992; Tahal, 1990), since
these are the main authoritative open sources for reliable information on
the water resources of the area. Palestinian (Assaf 1985 and llES:Al
Khatib t992;Al Khatib and Assaf lg93,Tamimi l99z) Jordanian and
other sources have been reviewed as well and are referred to. In
addition, this material has been critically reviewed by a number of
leading Israeli and Palestinian hydrologists whose helpful comments
and valuable suggestions are herewith acknowledged. However, certain

information about water sources and water supplies on the West Bank*

is not freely available, so that at this stage only tentative conclusions
can be made on certiain critical points.

*

Note -- The term troccupied territories' refers

to areas formerly held by the

Hashemite Kingdom of Jordan (the West Bank) and Egypt (Gaza) which were
occupied by Israel in the course of the Ii)67 war. The area called the 'west Bank'
derives its name from the days of the Jordanian administration since

it

was thought

of as the west Bank of the Jordan River while the remainder of the Hashemite
Kingdom of Jordan was on

1fos

Fqst Bank of the River. The areas are referred to by

their ancient biblical names of Judaea and Samaria by official Israel government
souroes.

Bmk

Io this study we shall refer to the area as the noccupied temitoriesr or "West

and Gazan in accordance with international usage. The border between Israel

the occupied t€rritories which was
normally marked

as a gre€n

in reality the cease-fire line until

line on Ilraeli maps and is often referred to

md

1967 was

as the "Green

Line."

While this review will present information on the water
inventory of the area in general, it will concentrate on the water
resources shared between Israel and the occupied territories which prior

to the Israel occupation

in

1967 were considered shared international

water resources or transboundary water resources (Caponera, IW2).

The equitable allocation, control and management of these shared
resources is one of the subjects in conflict between Israel and the
Palestinians and must be resolved in the framework of the peace
process.

GENERAL REVIEW OF THE WATER RESOURCES
In addition to the general shortage of water in the area between
the Mediterranean and the Dead sea there are three additional critical
constraints on water resources development.
74

One of the constraints on the water resources of the area is the
geographic reality that the areas rvith higher rainfall and greater water
sources are in the north and on the higher mountain ridges while most

of the arable land is in the south and in the valleys (see Figure 1 for
rainfall distribution). Since agriculture was the prime motivation for
water development in earlier periods, this resulted in the need for major

engineering works to transport water from the sources to areas where
water is used.

A second critical constraint is that the rainfall and peak flows in
surface sources are mainly during 4-5 winter months while the main
crop growing seasons, when irrigation is required, is during 3-4
summer months, which results in the need to have available major interseasonal water storage reservoirs. Due to the high annual variability

in

rainfall and frequent periods of drought, it is also essential to provide
major inter-annual water storage reservoir facilities. These costly interseasonal and inter-annual reservoirs can be based either on surface or
groundwater storage.

A third important constraint on the water regime of the area is
the fact that most of the water is derived from either low lying surface
waters several hundred meters below sea level, such as the Sea of
Galilee, or from deep wells. According to a Tahal report, the weighted
average elevation of Israel's water resources is 82 meters below the

ground surfaces to which it must be delivered for irrigation and other
uses, thus involving massive pumping of almost all ground water and
surface water (Tahal, 1990).

Water pumping, for both vertical lifting and horizontal transport

through pipelines, consumed some 2,000 million

KWH of electricity

in Israel in 1988, which was lZ%o of Israel's total electric power
co.nsumption. For example, a cubic meter of water pumped from a deep

well in the coastal plain to supply drinking water to Jerusalem or
Ramallah may have to be pumped up the equivalent of some 800-1000

meters. Kally has estimated that the minimum vertical lift pumping
costs in very big and efficient systems is about 2.5 cents (U.S.) per

in this example, 20-25 cents/cubic meter for pumping
alone. In a smaller, less efficient municipal system the pumping cost
100 meters, or

might be significantly greater.
Thus there are three major contributing factors to the high cost
of water in the area long pipelines for water transport and distribution,
inter-seasonal and inter-annual storage facilities and the need for heavy

pumping of water both for vertical lifting and for long distance
transport. The average cost of water as calculated by the Mekorot water

company of Israel was 19.5 cents/cu.m. for 1990. However according
to Tahal (1990) a more credible cost estimate is 33 cents/cu.m. based
on a more realistic evaluation of the true capital recovery costs. The
variability in cost of water in the area is great with costs as low as 2
cents/cu.m for low-lift srnall-distance projects and reaching as high as
50 cents/cu.m for highJift long-distance transport projects.

This high cost of water and the anticipated long term shortages
of fresh water required to meet domestic, urban and industrial needs

with the anticipated doubling of the area's population (lsraeli

and

Palestinian together) to an estimated 15 million persons within a period
of about 30 years, raises critical questions about the economics of using

fresh water for agriculture in the area. This study assumes, among
other things, that in the long run all or almost all of the local renewable
fresh water resources of the area will be fully utilized for domestic,
urban and industrial purposes with only a very small allocation of fresh
water for the growing of fresh vegetables for local consumption only.

Additional agriculture will be based mainly on the reuse of highly
treated recycled urban wastewater. Imported water under regional water

development projects or desalinated water will be mainly for
domestic/urban/ industrial use and in general will be too expensive to
allow for its economical use in agriculture.

This inventory will include renewable supplies of fresh water

with salinities not exceeding 4O0 mg/l chlorides, and brackish water
exceeding this limit but generally no more than 5,000 mg/l chlorides.
The brackish waters should be considered a potential source of fresh

water for domestic, urban and industrial use if desalinated by the
reverse osmosis process (RO), which is considerably cheaper than the
cost of desalinated sea water.

It will not include unconventional

sources

such as fossil water, desalinated sea water or recycled wastewater. The

latter can become a major low-cost, water source in the future if there is

an appropriate investment in urban sewage systems and wastewater
treatment plants for recycling and reuse of the effluent for industrial,

agricultural and urban non-potable purposes. The treatment of
wastewater to a high level of purity will be essential in any event to
protect the highly susceptible ground water aquifers from pollution.

According to the estimates of Tahal and the Hydrological
Service (Tahal, 1990; Goldberger,1992),lsrael assumes that it has at
its disposal for long term water resources planning purposes a mean
annual renewable fresh water potential of some 1,600 million cubic
meters/year (MCM/Yr) in addition to 160 MCM/Yr of brackish water.

Of this, about 660 MCM/Yr or 35 percent is assumed to be available
from the Jordan River Basin and another 955 MCM/Yr or 607o from
groundwater. This estimate includes the water extracted by the
Palestinians in the West Bank from the western (Yarkon-Taninim)

aquifer and the north-eastern aquifer (Shekhem(Nablus)-Gilboa), as

well as the water pumped from those aquifers for new Jewish
settlements in the West Bank.

This estimate does not cover the entire water potential of the
area (Israel and the occupied territories) since

it

does not include the

water potential of Gara,or of the eastern basin of the mountain aquifer

or the flow of the lower Jordan River. These sources have never been
included in Israel's calculation of the available water resources.

What follows is a schematic description of the three water
resources that are shared by Israelis and Palestinians which prior to the
Israel occupation

in

1967 were defined as shared international water

resources -- the mountain aquifer, the Gaza aquifer and the Jordan

River Basin. It is over the just allocation of these waters and their
shared management and control that an agreement between the sides
much be reached.

THE MOUNTAIN AQUIFER

..

GENERAL

The area of the occupied territories on the West Bank is some
4O0O

sq.km. without Jerusalem and 5572 including Jerusalem. The

1992 population has been estimated at between 900,000-1,200,000.

The mountain aquifer covers the central mountainous ridge area of the
West Bank on both sides of what is called in Hebrew the Judaean and
Samarian Mountain range and extends generally from the Jeneal Valley
(near Afula) in the North to the Beersheba Valley in the South and from

the foothills of the Judaean Mountains near the Mediterranean in the
West to the Jordan river in the East (See Figure 3). The mountain

aquifer which, was first systematically described by Blake and
Goldsmith in 194'1, is mainly of karstic limestone/dolomite formations
of the Cenomanian and Turonian-aged geological strata with
outcropping of permeable recharge areas mostly along the upper
mountain slopes and ridges at levels above 500 meters above sea level.

a

Akko

Sofod
Tiberios

b

Nozorelh

a

bq'

/

/!"0.'.r-'-''\rl*l'Y
(\'*1.

s\

er

lrbid

a

\

o\

\\

er

:\
\3

Af ulo

Netonyo

I

r.r.

E.

'

- -"'

; Aqulfer

:"

*,1*ittr
\'l /
iaqriirr. . E6rt.rn
A -..;r^I Aouifer.
z
l--t

i-Western

Melropoli
Tel Aviv

\

:

q,

c
a

t

\o

occruPlED
/..,TERRITORIES

<---l-t

t

,-."\.+_

.Arnkeion '-7*i

.

fi*
'

xirvoi

cot

,."

(

........................-

/,;uoaEnu
-r>
t"'ro'j'iiri^rs

-1- \

.

\..._..t_

.j\

Beershebo
.

I

Arodo
I

O
lO 2O miles
'
F-T-I-T---J
woter Divlde

O lO 20 km

pre t967 lines--

-..-j
3 ,r" ltouNTArN AourFER-A schematic Presentation: The
pre-I967 cease fire llnes which serves as the border between
Israel and the occupied territories (West Bank), mainly
inhabited by the Palestinians, is shown with a heavy dashed
and dotted line. The hydrological divide between the three
subdlvisions within the mountaln aquifer is shown by the
dashed line.The arrows show the general direction of the
flow of the ground water.
Figure

Much of the exploitation of the aquifer is by deep artesian wells

drilled in the confined areas of the aquifer on the western slopes of the
Samarian and Judaean Mountain range below the elevation of 500 m
and in the coastal plain towards the Mediterranean sea, as well as in the

Beit Shean and Jezreal valleys, mainly within the borders of Israel
(Tahal, 1990; Gvirtzman, lW3).
The mountain aquifer can be divided schematically into three
general zones or drainage basins, in each of which there are a number

of

sub-aquifers. The main basins are the western basin, the

northeastern basin and the eastem basin.

The Western Basin
The western aquifer or drainage basin, which flows towards the

Mediterranean Sea to its historic natural outlets at the Rosh Ha'ayin
(Ras el Ein) Springs which fed the Yarkon (el Uja) River near Tel

Aviv/Jaffa in the south and the Taninim Springs and river near Hadera
in the north, is called the Yarkon-Taninim aquifer in Israel. Blake and
Goldsmith (1947) reported that the flow measured from the Ras al Ein
springs was some 140 MCM/Yr while later measurements indicate a

flow of some

MCM/Yr. Early measurement of the flow from the
Nahal Taninim springs point to a flow of 100 MCM/Yr.
22O

Recent studies by the Israel Hydrological Service indicate that
aquifer has an estimated mean average safe yield of about 350

MCMI(r

including some 4O MCM/Yr, of brackish water, having more than 4O0
mg/l of chlorides (Goldberger, 1991). The 40 MCM/Yr of brackish
water flowing within Israel at the Taninim Springs is essential to
maintain the present sweet water regime of the aquifer and cannot be
extracted by upstream wells prior to its becoming saline. As is the case
80

with other brackish water sources, it could eventually

be desalinated

for

domestic purposes at some future date. According to Tahal (1990), the

Palestinians in the West Bank are currently withdrawing some 24

MCM/Yr orTVo of the total yield of the western aquifer, mainly in the
Qalqilya and Tulkarim region. This quantity is apparently included in
the Israeli estimates of the aquifer's potential.

A detailed and accurate inventory of the historic

use

of the

aquifer is beyond the scope of this paper. However, some qualitative
descriptions of past use are presented. The early use of the aquifer by
the Palestinian Arab population included a part of the flow of springs

Taninim as well as
some 20-25 MCM/Yr from traditional dug wells in the Qalqilya and
Tulkarim region. Israelis point to the fact that in the early 1920's there
were well known major malarial swamps in the area of the springs near
such as those at Rosh Ha'ayin (Ras el Ein) and the

Hadera as evidence that a major portion of their flow was still unutilized

in that perid.
The intensive exploitation of this aquifer initiated by the early
Jewish farmers and villagers starting in the ly2}-30 included pumping

from the Yarkon River to irrigate extensive orange groves in the area
between Tel Aviv and Petah Tikva, and by numerous drilled wells
along the low lying areas of the aquifer between Petah Tikva and
Hadera (Blass, 1960). As was required during that period, the new

deep wells were licensed and monitored by the British Mandatory
Government of Palestine (Blake and Goldsmith, 1947). Dr. Pinchas
Ruttenberg, a Jewish engineer and expert in hydroelectric power, was
granted an exclusive concession for the use of the Yarkon River (Uja)

for irrigation and hydroelectric power from the British Mandatory
Government on September 12, 1920 (lsrael Electric Company, 1990).

This concession was extended to include the Jordan and Yarmouk
Rivers on the 5th of March 1926.
8l

The Mandatory Government also tapped the Rosh Ha'ayin
Springs (Ras el Ein) as the source of the water supply for Jerusalem.
Prior to the establishment of the State of Israel in 1948, the Jewish
farmers were already utilizing a significant portion of the safe yield

from the springs, rivers and deep wells, while the remainder of the
aquifer's potential was developed by Israel in the period of 1948-1965.
The main Israeli water prqect utilizing the aquifer was the 66" YarkonNegev Pipeline completed in 1954 which pumped some 200 MCM/Yr,
which is essentially the total flow of the Rosh Ha'ayin (Ras el Ein)
Springs. Prior to L967 the safe yield of the western aquifer was fully
utilized and is today tapped by about 300 wells located to the west of
the nGreen Line," that is, within the boundaries of Israel.

From the engineering and hydrological point of view, the most
appropriate place to tap the aquifer is over the deeper confined artesian

in the foothills and lower slopes of the mountains towards the
Mediterranean Sea, the major portion of which is within Israel. While it
is technically possible to drill deep wells to tap the thinner non-confined
recharge zones of the aquifer from the mountaintop areas within the
West Bank, the wells required must be deeper and their yields are
areas

lower. The potential withdrawal of water from the western aquifer from
the densely populated mountaintop areas within the territories is limited
and would be costly (Benvenisti and Gvirtzman,l99z).

The Northeastern Basin
The Northeastern Basin called the Shekhem (Nablus)-Gilboa
basin, or the Beit Shean-Harod multiple aquifer system (Rosenthal and
Mandel, 1lE5; Rosenthal, l9S7) whose natural drainage outlets are the

Harod and Bet Shean Springs, is mainly brackish and used for
appropriate limited purposes such as fishponds and salt-tolerant

agriculture. About 100 MCMIYT (7O MCM brackish and 30 MCM
sweet water) are utilized from these sources within Israel. Much of this
utilization dates back to the days of the early Jewish farming villages
and kibbutzim in the Jezreal and Beit Shean Valleys in the 1930's
(Blass, 1960), rvhile the remainder was fully developed prior to 196'7.
Part of the saline spring water has been captured by upstream wells
before it becomes fully brackish. Another 7 MCM/Yr is pumped from

wells drilled after 1967, in the Bardela area to supply water to new
Jewish settlements and Palestinian villages in the northern part of the
Jordan Valley. The Northeastern aquifer includes the shallow Eocene
strata used historically by the Palestinians. Some 25 MCIvI/Yr has been

utilized historically, upstream by springs (12MCM/Yr) and wells (13
MCMAfT) supplying the Palestinian population in the Nablus, Jenin and
Farah regions.

Thus

it is estimated that the total mean potential of the

northeastern aquifer is 132 MCM/Yr, (including the Eocene Aquifer)

which is currently fully utilized. Of this amount, l0O MCM is used by
Israel within Israel's borders and about 5 MCM/Yr is supplied to Israeli
settlements in the Jordan Valley while 27 MCMIY r or about 2O7o is
used by the Palestinians. The boundaries

of the Beit Shean-Harod

aquifer (northeastern aquifer) as shown in Figure 3 are according to
Rosenthal (1987).

The Eastern Basin
The Northern Sector
The northern sector extends from the Gitit in the north to the
northern end of the Dead Sea in the south. Within this sector there are

two main sources: the Upper Cenomanian and the l-ower Cenomanian

aquifers which are separated by an impermeable strata several hundred
meters thick.

The Upper Cenomanian aquifer is a relatively thin strata, which
naturally drains to the east to a series of springs including Uja (10
MCM/Yr), Samiya (5 MCM/Yr) and Wadi Kilt (5 MCM/Yr) which
have historically been used by the Palestinians. This aquifer has only a

very limited storage capacity and thus, the flow from the springs is
subject to major inter-seasonal fluctuations and is very much dependent

on the rainfall of the previous season. The natural flow from these
springs and others like them was drastically reduced, particularly
during the summer months, as a result of the severe drought conditions

of the area during the years

19138-91. Some almost completely dried up.

However, after the heavy rains of the 1991-92 season, the flow from
the springs was revived.
These springs have a mean potential yield of 4O MCM/Yr

of

which about 36 MCIWYT are utilized by the local Palestinian population

while the remaining 4 MCM/Yr is peak flow during particularly rainy
years which is not fully utilized.

The Lower Cenomanian aquifer is a deep, initially fresh water
aquifer that flows naturally to the east from the outcrop feed areas on
the upper slopes of the mountains downward towards the deeper saline

ground water strata in the Jordan Valley where it mixes and becomes
brackish. Part of the flow seeps to the surface along the Jordan Valley

floor where it evaporates. Apparently part of the flow

into the
Jordan River increasing the salinity of the river. The total mean flow is
estimated at 22 MCM/Yr. There has apparently been little historical
utilization of these brackish water seepages at the lower levels in the
Jordan Valley.

u

seeps

The Israeli authorities have developed a program to divert this
source, upstream, at sites to the west, higher up the mountain slopes, in

an effort to catch

it while it is still sweet water prior to its becoming

brackish in the Jordan Valley. A series of very deep wells, up to 700 m
deep have been drilled at upstream locations for this purpose. About

of sweet water is currently pumped from this deep aquifer
and supplied to the Jewish settlements in the Jordan Valley. Israeli
hydrologists estimate that any further utilization of this aquifer could
18 MCMAfT

lead to pumping up saline water from the highly saline strata under the

Jordan Valley to the east. The maximum potential utilization of the
sweet water from the aquifer by this method might reach 20 MCMAfT

with a somewhat different distribution of wells.

Israeli hydrologists point out that the Palestinian claim that
Israeli pumping from the deep wells in the lower Cenomanian aquifer
has affected the yield from wells and springs whose source is the upper
Cenomanian aquifer such as Wadi Uja, has no hydrological basis since

these two aquifers are separated by an impervious strata several

hundred meters thick. Studies have indicated that the only factors
influencing the flow from the upper Cenomanian wells and springs,
such as that at Wadi Uja, is direct seasonal recharge frorn the rainfall
and not the pumping from the lower Cenomanian aquifer.

However, Palestinian hydrologists suggest that there may be
fissures and faults in the strata between the two aquifers. They also
point out that the wells dug into the lower Cenomanian pass through the
upper Cenomanian and could withdraw water from that strata. In some

in the immediate vicinity of the
springs and wells used by the Palestinians which have indicated
reduction in flow or gone dry. In a number of cases, the Israeli
authorities admitted that their new wells led to a reduction of flow in
cases the new deep Israeli wells are
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older Palestinian wells and agreed to replace the lost flow from the
Israeli built water network controlled by the Mekorot Water Company.

Southern Sector
The southern sector includes the series of brackish springs of
Zukim, Kaneh, Samar Ein Feshkha and Treibia along the shores of the
Dead Sea which mainly flow into the Ein Feshkha Nature Reserve

along the Dead Sea shore. Part of the water is lost through evapotranspiration from the lush vegetation of the Nature Reserve, while the
rest flows to the Dead Sea either as surface flow, or underground
through springs under the surface of the shallow areas of the Dead Sea
The feed areas of these springs are in the exposed surface of the

outcrops

of the Cenomanian-Turonian geological strata in the high

mountain area. The sweet water flows in the aquifer down to the very
deep strata where it apparently mixes with saline water before flowing

out through a series of springs. Part of the flow of the springs is
apparently derived from saline water flowing from the north. It is
difficult to make accurate measurement of the flows from these diffuse
sources including the underwater springs in the Dead Sea. It is
estimated that the flow is between 45-80 MCM/Yr. Present thinking
tends to support the higher estimate. The utilization of this source has
been limited both because

of its salinity and because of the interest in
continuing the flow of water to support the fauna and flora of the Ein
Feshkha Nature Reserve along the shores of the Dead Sea.

The possibilities of diverting the flow before it becomes saline
at some upstream point is complex. The first such efforts were made

during the period of the administration of the West Bank by the
Hashemite Kingdom of Jordan. The deep wells they drilled into the

aquifer at Falsursa did not succeed. The Israeli authorities have
succeeded in abstracting fresh water from the upstream areas of this
aquifer at a number of locations. A number of wells were drilled at sites
relatively low topographically that divert part of the flow coming to the
springs from the northwest. These wells supply several MCM/Yr to
new Israeli settlements in the Jordan Valley. The main constraint on
further pumping in this area is the risk of drawing up water from lower
brackish water strata.

At the higher levels of the aquifer the Israel Military
Government drilled a number of very deep wells at Herodian, near
Bethlehem, and other sites. These deep wells punnp from exceptionally

low water tables involving difficult and expensive pumping. According
to Israeli sources, the water from these wells, amounting to several

MCM/Yr, is supplied partially to the large Palestinian urban
communities along the mountain ridges and partially to new Israeli
settlements. Information of the exact division is not available, but
Falestinians report that water pipelines from these new Israeli wells lead

to the settlements of Efrat, Kfar Etzion, Tekoah and to Jerusalem as

well.

Israeli hydrologists estimate that additional water can be
extracted from similar expensive deep wells in these areas. However,

it

is not considered technically feasible to divert all the flow of the aquifer

to the springs in the southern sector, which is still mainly unutilized,
even if only a small flow is allocated to preserve the Nature Reserve's
unique fauna and flora.
Jericho pumps some 8 MCM/Yr from the Pleistocene aquifer in

this sector for use by the local urban and agricultural population. The
potential of this aquifer is currently fully utilized.

w

The Springs of Ein Gedi and Arugot
The source of these sweet water springs is the underground flow from
the upper Cenomanian strata whose feed area is the outcropping in the
southern areas of the eastern slopes of the mountains. The mean flow

of sweet water is about 3 MCM/Yr which flows to the Ein Gedi Nature
Reserve. The remaining flow is captured for domestic, agricultural and

recreational use by Kibbutz Ein Gedi and the other Israeli tourist and
recreational enterprises that have developed the area starting in the early
1950's. Diversion of these springs at a higher level is not considered
feasible for both hydrological and technical reasons.

Summary of the Eastern Aquifer
There are a number

of unclear areas concerning the flow

of the eastern aquifer which remain to
be investigated, and not all authorities agree on its water potential. In
addition, apparently not all the hydrological data and analyses are
publicly available. The 1990 Tahal report includes an estimated
potential of 100 MCM/Yr while the more up to date report of
Goldberger (LWz) of the Israel Hydrological Service estimates it to be
greater. We have tentatively estimated, based on current published
pat0erns, quantities and structure

sources and on the critical estimates of an independent hydrological

evaluation, that the potential of

the

eastern aquifer is about 150

MCM/Yr according to the following breakdown shown in Table
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1.

Table E
ESTIMATE OF THE POTENTIAL OF THE EASTERN
AQUIFER

1. Northern Sector
[-ower Cenomanian aquifer (Fatsael)

20 MCIWYT

Upper Cenomanian aquifer

4O

MCN,I/Yr

2. Southern Sector
Springs of Zukim, Kaneh and Samar
Jericho-Pleistocene

3. Ein Gedi

80 MClv{/Yr

8 MCtv{/Yr

3 MCMAiT

151

MClv{/Yr

Much of this potential is currently utilized in some way or other.
According to Tahal (1990) Palestinian usage of water from the eastern

aquifer is estimated at 59 MCM/Yr. Tahal (1990) reports that an
additional source of water is the Jordan River which they estimate
supplies some 10 MCM/Yr for Palestinian agriculture in the Jordan
Valley. Palestinian sources claim that Israel's Mekorot Water Company
pumps Jordan River water at two locations for the use of new Israeli

settlements, but that the Palestinians no longer have access to the
Jordan River since it is a closed military security zone and thus they can

no longer use the water from the lower Jordan River as was practiced

prior to 1fti7.

In any event, the supply of Jordan River water is erratic and
mainly highly saline, particularly in the summer when there is little
dilution of the brackish return irrigation flows and saline spring
sources. The winter flows are of better quality and can be used in the
Jordan valley since there is agricultural production there year round.
The quantity used by new Israeli settlements established after
1967 is not clearly known but has been estimated by various Israeli and

Palestinian sources. Gvirtzman (Benvenisti and Gvirtzman, lg92)
reports that, based on an analysis of the report of the Israel central
Bureau of statistics (Central Bureau of Statistics,

l99l) the new Israeli

diversion wells in the upstream areas of the eastern aquifer pump some

4?MCMNr, 35 MCIWYT of which is allocated for irrigation in the new
Jewish settlements while the additional 7 MCM/yr is used for domestic
purposes in the Jewish settlements and Arab towns and villages of the

area. other Israeli sources have estimated lower utilization of the
eastern aquifer by the new Jewish settlements for a total of about 35
MCIWYr.

THE SOURCES AND UTILIZATION OF
THE MOUNTAIN AQUIFER
As can be seen in Fig 3 the major portion of the recharge area of
the western mountain aquifer is in the occupied territories. Gvirtzman
(Benvenisti and Gvirtzman 1982) has estimated that while someTsvo of

the recharge area of the western aquifer lies to the east of the "Green
Line" along the western slopes of the West Bank, almost all of the
storage area of the aquifer, which serves as

it natural historic outlet and
present optimal pumping area, lies to the west of the "Green Line," that
is, within Israel. Almost all of the recharge area of the eastern aquifer
lies east of the mountain ridge which runs through ttre West Bank.

Thus, a rough preliminary estimate of the ground water flow of

the western aquifer which originates as rainfall within the occupied

it is some 8O7o of the flow of the western,
Yarkon-Taninim aquifer and essentially all of the northeastern,
territories indicates that

Shekhem-Gilboa aquifer and of the eastern aquifer.

The exact water utilization by Israel and the Palestinians in the
West Bank from the shared mountain aquifer can only be extrapolated

from various sources. Although Israeli reports and estimates are unclear

on this matter, Tahal has estimated (1990) West Bank Palestinian
withdrawals from springs and pumping from wells from the western
and northeastern basins of the mountain aquifer tabr,,?/l MCM/Yr from
the western basin and z4MCMlYr from the north-eastern basin, with
an additional 3 MCM/Yr supplied through the Israel National Water
Carrier (Tahal, 1990). The same Tahal report estimates that the
Palestinians are currently using some 59 MCM/Yr from the eastern
basin for a total Palestinian water usage from the mountain aquifer in
the West Bank of about 110 MCM/Yr. The official Israel Government

"West Bank Survey" (1967) estimated that the total Palestinian water
usage

in

1967 was 8O-100 MCM/Yr.

Current Palestinian estimates of water usage are in the same
range, but go as high as 120-130 MCM/Yr with estimates of about

9$

100 MCM/Yr used for irrigation and 2O-3O for domestic, urban and

industrial use. The difference between the Palestinian and Israeli
estimates may result from the Palestinian inclusion of Eastern Jerusalem

in their estimates. The Palestinian practice of rain harvesting from small
surface water catchments may also partially explain the discrepancy

(Tamimi, 1992, El Khatib, LDZ and AMulhadi, LWZ).
The total amount of water supplied to Israeli settlements for all
purposes is not

officially reported on but
9l

has been estimated at 65-100

MCIWYT by different Palestinian sources (Tamimi, 1992, AMulhadi,
lwZ and El Khatib, L992).It is difficult to verify this figure. some of
this water is supplied directly from the Israel national water network
and is not pumped from within the West Bank. However, a major
portion of it is pumped from new wells, including those in the eastern
basin, mainly to supply Israeli settlements on the eastern sropes and in

the Jordan valley. Gvirtzman (Benvenisti and Gvirtzman, rgg2)
estimates that 364o MCMA(r are supplied to the Jewish settlements on
the west Bank from this source alone while other Israeli sources report
that according the Israel Ministry of Agriculture's Master plan for the
development of settlements in the occupied territories, the planned 1990

water supply to the settlements was to be 90 MCM/yr. (Kahan, L9&l:
Ministry of Agriculture, 1983). There are no published reports that
indicate that this goal was ever achieved.

The Palestinians claim that any water extractions from the
mountain aquifer within the west Bank for Jewish civilian settlements
is illegal and in violation of the Geneva convention and the rights and
obligations of what is defined as a "belligerent occupier" (El Hindi,
1e90).

Lacking confirmed, authoritative information on the water
supplied to Jewish settlements on the west Bank and for the purposes
of this preliminary and very tentative estimate, we shall assume that
Israel is withdrawing about 50 MCM/yr from the mountain aquifer
within the west Bank for the use of the new Jewish settlements. of
this, about 40 MCM/Yr are in the eastern and northeastern basins and
10 MCt\,OYr in the western basin.

Israeli long term water plans are based on the continuation of
their histo,ric de facto, utilization of the shared aquifer within Israel.
From the published reports available, it appears that Israel's estimates
92

of the water potential of the western and northeastern aquifers have
included the withdrawals by the Palestinians. They also, apparently,
include the water supplied to the new Jewish settlements. Thus, the
actual water resources estimates based on past usage and future plans of

Israel within the "Green Line" are 303 MCM/Yr from the western
aquifer, including some 4O MCM of brackish water, and 107 MClrzl/Yr
from the northeastern aquifer 70MCM/Yr of which is brackish. Israel
has never included the water potential of the eastern aquifer or Gaza in
its water resources plans.
To summarize, our preliminary and tentative recalculation of the
estimated total mean renewable fresh water potential of the mountain

aquifer (western, northeastern and eastern basins combined) is about

4s2McMlYr and some
632MCMlYr,

180

MCM/Yr of brackish water for a total of

as shown in Table 9.

TABLE

9

TENTATIVE ESTIMATE OF TOTAL MEAN RENEWABLE
FRESH AND BRACKISH WATER POTENTIAL OF THE
MOUNTAIN AQUIFER (ISRAEL AND THE WEST BANK)
AND ITS CURRENT UTILIZATION
Basin

Total
Used in

Used by

Used

MCM/Yr

Israel

Palestns

Settlmts

Fw (Bw)

MCM/Yr

MCM/Yr

MCIWYT

27*

10

Western Basin

310(40)

N-East Basin

6l(70)

F-as[s1a

by

Potential

273

(N)

31 (70)

Basin 81(70) -- --

Sub-Total 452(180)

303(110)

Total(FW+BW) 632

413

Unused

25

38(20)

35

(s8)

e0(20)

50

(s8)

110

50

(58;x*

F'W = Fresh Water

@Wl

BrackishWater (not included in FreshWater)

x includes 3 MCIWYT imported to the West Bank from the Israel National Water
Carrier which is assumed for this calculation to be derived from the western aquifer.

*x Partially

serves as the water sourqe for the Dead Sea-Ein Feshkha NahreReserve.

It is not clear how much of this brackish water

source can be tapped upstream as

fresh water or would have to be desalinated near the Dead Sea to purify
domestic use.

it for

From the above tentative preliminary analysis it would appear
that the current level of unused water on the West Bank available for

future Palestinian development, without changing current Israeli
historical de facto water usage patterns mostly going back some 6O
years, is about

60 MCM/Yr of brackish

water from the eastern basin.

Much of this water is derived from saline springs at very low elevations

on the shores of the Dead Sea, far from the urban centers. With
appropriate investigations and trail borings it may be possible to exffact
a significant portion of this unused water as fresh water by pumping

it

from higher level upstream wells for domestic and urban purposes in
the populated mountaintop areas. If this does not prove feasible the
water could be desalinated and pumped up about 1000 meters for
domestic use. The cost of this water would be considerable.

The fate of the estimated 50 MCM/Yr (this figure is only a
tentative estimate) of good quality water withdrawn by Israel from the

mountain aquifer, at more favorable elevations for use by Jewish
settlements built after the occupation of the territories
open question that

will

in

1967, is an

have to be resolved through negotiations.

GAZA
The Gaza strip is some 360 square kilometers (sq.km.) in area

and while the exact population figures are not known, the 1992
population has been estimated to be between 600,000 and 800,000
(Tahal,

lD2;

Shawwa, 1992). The 1948 population was about 50,000

and has swelled to its present numbers due to the influx of refugees.

The population density of the Gaza area is about 2000 persons/sq.km.
Thus, Gaza is among the densely populated areas of the world.

The mean annual rainfall in the Gaza Strip is about 300 mmAfr.

It is higher in the north, reaching 400 mm/Yr, dropping to the south
with a low of 200 mm/Yr along the Egyptian border. Tahal's (1990)
estimated safe yield of the Gaza Strip aquifer is 6O- 65 MCM/Yr.
However, a Dutch report of 1991 (Bruins et al, 1991) claims that
previous estimates have been oyerly optimistic and that their estimate is

that the annual amount of fresh water than can be exploited on a
permanent basis is only 35 MCM/Yr. While this may be an extreme
point of view, there is no doubt that the situation in Gaza is extremely
serious.

The main Gaza aquifer is a continuation of the shallow
sandy/sandstone coastal aquifer of Israel to the north which is of the
Pliocene-Pleistocene geological age. Most wells are of a depth of 2530
meters. According to Isam R. Shawwa of Gaza (L99z), during the

perid of the Egyptian administration of Gaza between 1948 and t967
'there was inadequate control in the provision of permits for water
drilling. As a result the number of bore holes increased markedly.
Farmers drilled and used as much water as they wanted."

As a result of this laissez-faire policy there were some 2200
wells operating in the Gaza Strip area pumping some 128 MCM/Yr
prior to the Israeli occupation in 1967. The aquifer had been severely
over-pumped for years under the Egyptian Administration at that rate
resulting in a serious lowering of the ground water table below sea level

in many areas. This has led to intrusion of saline water from various
sources.

The main source of the salinity in the over-pumped wells of
Gaza is

intrusion of very saline water from deeper saline strata. These

strata are even more saline than sea water. There has also been direct

intrusion of sea water in the wells along the coast line. An additional

major source of salinity is the return flows from the very intensive
irrigation in the Gaza Strip. These flows, with their high salinity plus
agricultural chemicals which leach into the ground water from the soil
surface, accumulate in the aquifer due to the minimal flow of the
ground water to the sea as a result of the heavy pumping. Thus, the
chemicals are continuously being recycled in a semi-closed system
leading to a further build-up of salts.

In the northern areas of the Gaza Strip with their greater rainfall
the salinity is lower than in the southern, more arid areas. In the sand
dune areas in the north, the natural recharge rate from rainfall is very
high and can reach as high as'|O%o.

It is estimated

that in addition to the direct recharge of the

aquifer from the rainfall over the Gaza Strip, which is the major source

of the ground water, some 10-15 MCM/Yr of ground water flow from
the east through the wide interface between the Eocene and Pliestocene

aquifers. These flows have a natural salt content of 700-1,000 mg/l of
chlorides. The salinity of wells has reached levels of over 1,500 ppm of

chlorides in some areas. In a number of areas of the Gaza Strip the
contamination has reached such high levels that the water is unfit for
drinking or for agriculture.

Almost all of the population now has access to drinking water
with running water in757o of the dwellings and courtyard tary in2zEo.
The present domestic consumption of the Palestinian population is not

MCM/Yr (Shawwa,
1992; Tahal, 1990). The remaining water is used for irrigation,

clear and various estimates range from 25-40

primarily for some 4,000 ha of citrus groves.
Some of the issues in the Gaza area concern the chronic over-

pumping and heavy pollution of the aquifer from intrusion of saline

water and by wastewater, industrial wastes and agricultural chemicals.

The Palestinians are particularly concerned about Israel's water
development activities in the area, including the establishment of a
number of new agricultural settlements and new wells in the Gaza Strip

extracting some 4 MCM/Yr which have tapped the already over
exploited local aquifer; Israel has drilled a number of new wells on the
Israeli side of the border along the Gaza Strip which the Palestinians
claim has reduced the ground water flow to the Gaza strip; Israel has
built dams on Wadi Gaza (Nahal Absor) which has reduced the flood
water flow entering the Gaza Strip area, which according to the
Palestinians could be utilized by Gaza farmers or would normally
contribute partially to the recharge of the aquifer (Shawwa, 1992;
Tamimi, 1992).
Concerning the wells on the Israeli side of the Gaza Strip
border, Israeli hydrologists state that these deep wells actually pump
water from the deeper strata which feed the highly saline aquifer under
the Gaza Strip. They have hypothesized that although this reduces the

flow into Gazaby a few MCM/Yr, it should contribute to reducing the
salinity of the ground water in Gaza. The effect of this pumping, which
Israel considers as experimental, is being carefully monitored to
determine if the anticipated beneficial effects are actually being
achieved.

Palestinian hydrologists point out that the complex aquifers,
made up of various interlocking layers and lenses of sand and clay,

may be interconnected and that they must assume that the Israeli
pumping upstream and immediately adjacent to the several overpumped Gaza aquifer reduces the flow into the aquifers and enhances
saline intrusion, unless proven otherwise.

98

The Palestinians also claim that the small diversion dams built
by Israel along Wadi Gaza (Nahal Absor) within Israel before the flow
reaches the Gaza Strip has reduced the recharge of the Gaza Strip and

of the option of diverting the water for
spreading over agricultural areas. Tamimi (1992) claims that the
diversion dams and wells are one of the primary causes for Gaza's
has deprived Gaza's farmers

water problems.

Israeli hydrologists point out that due to the impervious clay
strata under most of Wadi Gaza (Nahal Absor) and the nature of the

flow during the infrequent flash floods, the recharge of the

Gaza

aquifer from this source is negligible.
They also note that the Israeli diversions during times of flood

flows skims off only a portion of the flood flows amounting to some 2
MCM/Yr. The remaining flow continues on its way to Gaza and the
sea. The Israelis claim that this has not deprived Gaza of any water
since there few

if any, available

sites for damming for direct irrigation

in the highly built-up areas of the Gaza Strip.

After

military government introduced strict
measures to control the over-pumping, the digging of new wells and
196i1, the Israeli

metering and regulating the amount of water used in agriculture, similar

to the water control regime practiced in Israel. The over-pumping rate
has been somewhat reduced to 90-100

MCMAfr. These policies are not

popular with the Palestinian population of Gaza and are perceived as a
method of restricting local economic development. However, lsraeli
and Palestinian hydrologists agree that the estimated long-term mean
safe yield of the Gaza aquifer is only about 60-65 MCM/Yr (Tahal,
1992; Shawwa, 1992;

AMulhadi, L992: and Tamimi, 1992), while it is

still being pumped at the rate of some 90 MClWYr.
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In 1992,Israel began supplying some additional fresh drinking
water from the Israel National Water Carrier to some of the refugee
camps in Gaza which had suffered from serious water problems. In
addition various international agencies, including the Egyptian,
Japanese and Italian governments, have initiated proposals for the
construction of a desalination plant for Gzza.

Both sides agree that the water situation in Gaza, both in
quantity and quality, has reached crisis proportions and requires an
urgent solution. The Gaza aquifer is already in a severe deficit of some

25 MCM/Yr or more and getting worse each year, with no potential
reserves for future development and population growth.

If

the estimates

of the Dutch team of experts is correct (Bruins et al, 1991) then the over
pumping is almost three times greater than the annual safe yield and the
annual deficit may be as high as 55 MCMA(r.

Regardless which of the estimates is correct, this aquifer faces

the threat of severe salination and total loss of its use by the local
population unless further restrictions on over pumping are enforced
immediately and the amounts of additional water that are needed for
survival are imported or generated by desalination of brackish water or
sea water.

Most hydrologists agree thatGaza faces a crisis situation that

must be dealt with urgently. This raises the question whether
postponement of action on an immediate solution in order to await the
outcome of the long-term solution to all the water problems of the area
in the framework of an overall final peace agreement may be too late to
save the aquifer.
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THE JORDAN RIVER BASIN
The Jordan River is some 360 km long and drains a total area of

18,300 sq.km. The sources of the water in the Jordan Basin are in
syria, Lebanon, Jordan and Israel. The Upper Jordan is fed by springs

with relatively steady flow, the largest of which is the Dan springs
which are entirely within pre-l967lsrael, while the Hasbani and the
Banias springs whose sources are mainly in lrbanon and Syria, are
now included in the Golan region occupied by Israel in the 1967 war.

The Yarmouk River, the main tributary of the Jordan River, with a
catchment of '7,252 sq. km. (807o of which is in Syria), flows between
Syria and Jordan for 4o km before entering the Jordan River in a zone
currently held by Israel, 8 km below the Sea of Galilee (US Army
Corps of Engineers-USACOE, 1991).

The Upper Jordan River and the Sea of Galilee
The Sea of Galilee, according to Tahal (1990) has a catchment
area of 2,730 sq.km. and a mean net inflow (evaporation and upstream
divemions deducted) of about 510 MCIloYr.

of

this amount, a mean

of

380 MCM/Yr have been pumped from the lake to the Israel National
water carrier for transport and distribution to the south. Tahal reports
(1990) that an additional 40 MCM/Yr are released to the l.ower Jordan
River and a mean of about 80 MCM/Yr are pumped to locar consumers

in Israel in the immediate vicinity of the lake. An amount of 1r0
MCM/Yr of the sea of Galilee carchment yield is diverted directly, for
irrigation and urban use in the northeast areas of Israel, from the Upper
Jordan and its tributaries or pumped from aquifers which drain to the
[-ake or to the Jordan and its tributaries (Tahal, 1990). Thus, based on

the Tahal report, Israel uses about 570 MCM/yr of the total of 610
MCMAIT of flow from the Upper Jordan and the Sea of Galilee.
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Other independent international studies present similar figures to
the Tahal report (USACOE, L99l), while Prof. E. Salameh of Jordan

(1992\ states that Israel uses all the water of the Upper Jordan and the
Sea of Galilee and that Israel withdraws a net total of 650 MCIWYT. He
does not believe that Israel releases 40 MCIWYT from the Seaof Galilee

to the Lower Jordan.

For the purposes of this preliminary estimate we will assume
that the Israeli withdrawals from the upper Jordan and the Sea of
Galilee are as reported by Israel -- 570 MCM/Yr. from the total flow of
610 MCIWYT.

The Yarmouk River and Lower Jordan
The Yarmouk River has an estimated mean annual yield of 4OG'

450 MCM/Yr (Salameh, 1992; USACOE, 1991) most of which is
diverted or planned for diversion, mainly for irrigation and hydroelectric power production, by Syria and the Hashemite Kingdom of
Jordan.

The proposed Unity (al Wahdatr) Dam on the Yarmouk to catch
and store winter flows at Maqarin,

wd

designed to store water so as to

yield some 180-200 MCM/Yr for use by Jordan (Salameh,1992). This
project, if carried out, would generate 4.6 million Kwh /Yr, mainly to
be utilized by Syria and would provide additional water for Jordan's

Eastern Ghor Canal

(usACoE,

for the irrigation of an additional 12,500 Ha

1991).

Under the 1987 Jordanian-syrian agreement, Jordan was to
receive 757o of the water stored in the dam for irrigation while Syria
was to receive 25Vo, as well as the hydroelectric power produced which,
1,02

was needed to alleviate its shortages of electricity. The dam, if built
and operated as originally conceived, would also provide enough water

to supply the proposed western Ghor canal serving the west Bank, as
envisaged by the original Jordanian plan for the Jordan Valley

Authority. Palestinian sources claim that Jordan has an obligation under
the Johnston Plan to supply the wesr Bank with 150 MCM/yr through
the western Ghor canal while Jordanian sources state that they never
planned to supply more than 75 MCM/yr to the west Bank from the
Yarmouk.

The plans for another dam, downstream on the yarmouk at
Mucheba, have been abandoned probably since with the inareasing
Syrian diversions there would be insufficient flow to fill it. Israel has
opposed the construction of the unity Dam based on the claim that
according to international law, prior agreement must be reached with
them as a directly affected party on an international river basin. press
reports (Kreshmer,199o) indicate that prior to the Gulf war there had
been negotiations between Israel and Jordan on the unity Dam and that

Israel would consider granting its permission to build the dam if an
agreement could be reached on a recognized fair distribution of the
Yarmouk waters.

There are conflicting reports on how much water Syria, the
upstream source of much of the flow, is actually diverting from the
Yarmouk. Under the Johnston Plan of 1956, it was proposed that syria
be allocated 90 MCM/Yr. Syria never accepted this plan, but one

American report indicates that quantity is what is being withdrawn
currently by Syria (usACoE). That report is most likely not correct
since, under the 1987 pact between Jordan and syria, the Syrians were
allocated 170 MCM/Yr, which apparently was the quantity they were
already de facto diverting through a series of some thirty small earthen
dams along the Yarmouk's tributaries designed to catch winter flood

flows in addition to a nurnber of wells in the Yarmouk ground water
basin (Gruen, 1991). A 1991 study by Dr.Yahia Bakhour for the
World Bank, cited by Gruen (1991), quotes an official Synan report of
the Syrian State Planning Authority nWater Resources and Uses in

Syria," which indicates that Syria was then diverting ZA4IIIICM|Yr out
of the Yarmouk and that figure is projected to increase to366 MCMA(r
by the year 2010. It is difficult to determine the accuracy of the Syrian
figures, which may well have been put forward in order to stake a claim
rather than being based on de facto diversions and utilization of water
from the Yarmouk.

High Jordanian officials and water exPerts have, according to
sources quoted by Gruen (1991), been severely critical of the Syrian
diversions of more than its agreed upon share of the Yarmouk River,

which in effect has usurped the joint Jordanian-Syrian plan for the
Unity Dam whose goal was to supply essential water for Jordan and
possibly to the West Bank. Ing. Mu'taaz Bilbeisi (1992), General
Secretary of the Water Authority of Jordan points out in a recent article

that the lack of a unified approach to managing the shared water
resources of the area "has encouraged unilateral action," and warns that

additional Syrian development of ground water in the shared basin
would "endanger current Jordanian development and greatly reduce the
safe yield available to Jordan.' Prof. Elias Salameh of Jordan (1992),
who is in a position to make an accurate estimate of the Syrian
diversions from the Yarmouk, states that it was 160-170 MCM/Yr.in
1990 but that it has most likely increased since that time.

Information on Jordanian withdrawals from the Yarmouk are
contradictory. One report states that Jordan withdraws 158 MCM/Yr
from the Yarmouk River via the Eastern Ghor Canal to irrigate 12,000

Ha along the eastern bank of the Lower Jordan Valley
(USACOE,1991). Prof Salameh (I9PIZ) states that Jordan withdraws
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100-110 MCM/Yr from the Yarmouk. However in addition to that
amount of surface withdrawals, Jordan has drilled numerous wells in
the Yarmouk ground water basin which feeds the river. This ground
water basin, according to Jordanian sources has an estimated safe yield

of 40 MCM/Yr (Bilbeisi, 1992). Some of the water from the Yarmouk
drainage basin is pumped up to supplement the supply to Amman
which suffers from severe water shortages.

According to Tahal (1990), Israel currently withdraws 25
MCM/Yr from the Yarmouk for use by Israeli farmers on the banks of
the river and in addition some 45 MCM/Yr of flood flows are diverted
to the Sea of Galilee during the winter months. This totals a withdrawal
of 70 MCM/Yr by Israel. Salameh states that Israel withdraws 100

MCM/Yr from the Yarmouk. According to official Israel

sources

interviewed by Gruen (1991), Israeli withdrawals from the Yarmouk
have been reduced considerably in recent years, probably as a result

of

the severe drought conditions in the area between 1988-1991 which

drastically reduced the flow of the Yarmouk. The extremely high
rainfalls in 1992, resulted in filling the Sea of Galilee to its maximum
capacity, and thus there was no reserve storage capacity in the lake to
store Yarmouk water which in previous years Israel had pumped during
the winter months. This water has temporarily become available for use

by Jordan.

To summarize, Israel's current withdrawals from the total
Jordan River Basin average 640 MCMAfr. The figure of 650 MCMA(r

included in Tahal's long-term water resources estimates may be based
on an assumed increase of water from the Yarmouk. Neither Syria or
Jordan has direct a@ess to the upper Jordan river and the Sea of Galilee

or its sources and are not abstracting water from those sources. From
information available to us at this time, based on current usage it does
not appear that there is any significant quantity of unutilized reserve
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water sources from the upper Jordan and Sea of Galilee other than the

40 MCM/Yr that Israel states it releases to the lower Jordan over the
Sea

of Galilee control weirs. Jordanian sources contest this figure.
Although there are conflicting reports on Syrian withdrawals

from the Yarmouk, which cannot be independently verilied at this time,

we shall assume, based on Jordanian sources, that the Syrians are

actually diverting at least 170 MCM/Yr, possibly more. Jordan is
reported to be utilizing some 110 MCM/Yr of surface water and some
40 MCM/Yr of ground water from the Yarmouk Basin for a total of 150
MCM/Yr. For the purposes of this tentative preliminary estimate, we
shall assume the mean flow of the Yarmouk River is indeed 450
MCIWYT and that the above conservative utilization figures in each case

are correct, including Israel's abstracting of 70 MCM/Yr. Then

it

MCM/Yr of unutilized capacity for
future water resources development left in the Yarmouk unless Syria
releases the flow that it is reportedly abstracting above its share
according to the Johnston Plan. That might provide an additional 100
MCM/Yr for downstream users. If the less conservative estimates are
appears that there is only about 60

correct.then there is no unutilized reserve for future development left in
the Yarmouk.

Another much neglected but potentially important source of
water from the Jordan Basin that could be used by the Palestinians in

the West Bank as they face ever-growing water shortages is the
considerable, but brackish irregular flow in the lower Jordan.
According to Salameh (1,992\ the flow of the lower Jordan into the
Dead Sea is now about 250-300 MCM/Yr, mostly of irrigation return

flow, inter-catchment runoffs or saline spring discharges. Although
this water is brackish and of irregular flow, it could provide an
important potential source of domestic water if desalinated by the
relatively inexpensive RO process. While this flow is important in the
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regulation of the level of the Dead Sea, it might become available if any
one of the several proposed "Ocean to Dead Sea Canal" projects is

carried out. For the purposes of this inventory, we shall include some
100 MCM/Yr from the lower Jordan in our estimate of presently

unutilized water that could serve as a potential water source for the
West Bank.

SUMMARY OF THE WATER POTENTIAL AND
UTILIZATION INVENTORY FOR ISRAEL AND TIIE
OCCUPIED TERRITORIES OF THE SHARED WATER
RESOURCES
To summarize the tentative water balance on the three shared
international or transboundary water resources which are directly
involved in the Israeli-Palestinian dispute, the following Table 10 is
presented:

ro1

TABLE IO
THE ESTIMATED WATER POTENTIAL AND USE
INYENTORY FOR THE THREE SHARED WATER
RESOURCES SERVING ISRAEL ,A.ND THE OCCUPIED

,"**rto*rrr ,"*rr

Resource

TotAvail
MCIWYT

l.Monntain

632**

t" *nrr*,
by

Usedby

Used by

Used

Israel

Palstn

Jo(SYr)

MCM/Yr

MCM/Yr

MCIWYT

463x

110

Unused

*xxsg

Aquifer

2.Gazz

60(o1 35)

(minimum

90

Aquifer

3.Jordan

deficiQ -34

+

1,060

ffi

1s0(170)

100

Yarmouk Basin

,8*x,B10o

4.Lower Jordan 210

4.Totals

1,962

l,lw

2m

320

225

xlncluding an estimated 50 MCIWYT used by Jewish
settlements built after 1967 in
the West Bank.

** Includes

an estimated 180 MCIWYT of brackish water.

xxx Mainly brackish water, some of which muld be diverted upstream

as fresh

water

or desalinated for domestic use.

x**x Mainly irregular brackish return irrigation flows and from saline springs
with
particularly low flow in summer, which could be desalinated for domestic/urban
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use.

From the above inventory, tentative as it may be, it appears that
based on the present historic de facto use of the shared water resources

serving the Israelis and the Palestinians, the amounts of unutilized

in the occupied

territories for further economic
development and population growth are limited and/or of poor quality.
Gaza already faces a severe deficit of at least 33 MCM/Yr, but possibly
water available

of years of over-pumping. The
potential of unused water in the West Bank mountain aquifer is limited
to about 60 MCM/Yr of brackish water, part of which may be extracted
as fresh water at higher upstream locations if sufficient effort is devoted
to its development. The optimistic estimate of 100 MCM/Yr of
unutilized water in the Jordan River Basin, including the Yarmouk,
would require the construction of a major dam to store it. This water is
needed both by Jordan and the Palestinians and only through
as much as 55

negotiations

MCM/Yr

will it

as a result

be possible to determine its final allocation.

If,

however, Syrian diversions are as great as those reported from some
sources, then even this potential source is no longer available. With

proper investments in development some 100 MCM/Yr of brackish
water from the lower Jordan could be utilized for domestic purposes
after desalination by the RO process which is considerably cheaper than
sea water desalination.

A larger quantity might become available for

utilization with the completion of the Mediterranean-Dead Sea Canal.

Again, a word of caution involving the use of above figures
since many of them are difficult to validate at this time. The candid
sharing of accurate and detailed hydrological information is essential to

clarify these vital matters. One of the important early steps in a frank
and open negotiation process aimed at reaching a just and honorable
settlement should be the

full sharing of accurate information concerning

water quantity, quality and utilization from all sources.

REFERENCES

AMulhadi R.S.(1991)Water Resources for the State of Palestine-paryr
presented at the Workshop on Prospects for Cooperative Water
Management in the Middle East-the Council on Foreign Relations June
17,1992 New York, 30pgs. (unpublished)

Al Khatib N. (1992) Palestinian Water Rights. inWater Conflict or
Cooperation Edited by G. Baskin Israel/Palestine Center for Research
and Information, Jerusalem pgs 9-15

Al Khatib N. and Assaf, K. (19%) Palestinian water supplies

and

demands in Proceeding of the First Israeli-Palestinian International

Academic Conference onWater Blitors J. Isaac and H.Shuval-Ztich
December 1992, Elsevier Press, Amsterdam
Assaf, K. (1985) Water Resources, in Food Security in the West Bank

an Gaza Strip,konomic and Social Commission for Western Asia pp
45-73
Assaf K, and Assaf S.A. (1986) The water situation in the West Bank
and Gaza Strip. in water Resources and Utilization in the Arab World,

Arab Fund Kuwait ( in Arabic) pp %-136

Bani-Hani, M. (1992) Irrigated Agriculture in Jordan, in Jordan's
Water Resources and their Future Potential edited by A. Garber and E.
Salameh, Friedrich Elbert Stiftung, Amman, pp 31-35

Gvirtzman H. (1993) Ground water allocation in Judaea and Samaria
in Proc. First Israeli-Palestinian International Academic Conference on
Water, editors J. Isaac and H. Shuval Elsevier Press, Holland

Bilbeisi, M (1992) Jordan's water resources and the expected domestic
demand by the years 2000 and }OLO, detailed according to area. in

Jordan's Water Resources and their Future Potential, edited by A.
Garber and E. Salameh Friedrich Elbert Stiftung, Amman, pp7-29

Blake G.S. and Goldsmith M.J. (1947) Geology and Water Resources
of Palestine. Department of Land Settlement and Water Commissioner-

Government of Palestine -- Government Printer, Jerusalem 413 pgs +
appd.

Blass, S. (1960) Mai-Miriva v'Maas (Waters of Conflict and Water
Development) Massada, Tel Aviv ( Hebrew)

Bruins, H.J., Tuinhof Ir. A. and Keller I. R. (1991) Water in the Gaza

Strip: Identification of water
recommendations

for

resources and water uses

Netherlands assistance.Government

of the

Netherlands Ministry of Foreign Affairs, Department for International
Cooperation September

l99l39

pgs + appnd.

Caponera, D. (1992) Principles of Water [,aw and Administration,
Balkema, Rotterdam 280 pp
Central Bureau of Statistics, 1991, The Israel Annual Statistical Survey

No.42. pg 389.

El-Hindi, J.L. (1990) The West Bank Aquifer and Conventions
Regarding Laws of Belligerent Occupation, Michigan Journal of
Internntional l-aw llt L40A-L423
Global Viewpoints Forum (1990) Water Resources: Israeli and
Palc stinian C oncer ns. Legacy International and I srael-Palestine Center

for Research and Information, Jerusalem
111

Goldberger, S. (1992) The potential of natural water sources in Israelquantities, quality and reliability. in Proceedings of the Continuing
Workshop on Israel's Water Resources - - The Center for Research in

Agricultural Economics Rehovot pg4-7 (Hebrew)
Gruen, G

(IWz) The Water Crisis:

The Next Middle East Conflic!.A

Simon Wiesenthal Center Report, los Angeles 65 pgs.

Hydrological Service (1991) Hydrological Year Book Of Israel1988/89 and 1989/90. Ministry of Agriculture, Water Commission,
Jerusalem 2O2pgs ( in Hebrew)

Kreshmer I. (1990) Talking Water: Secret U.S.-Mediated Negotiations

Could Herald Regional Cooperation in the Middle Fast. The Jerusalem
Report, Oct25,1990 pp 4-45.
Kahan, D. (1992) Agriculture andWater Resources in the West Bank

and Gaza (1967-1987) -- the West Bank Data Base Project,The
Jerusalem Post Press pgs 181

Rosenthal E,., and Mandel S.

(1985) Hydrological and

Hydrogeological Methods for the Delineation of Complex Groundwater

Flow Systems as Evidenced in the Beth Shean Valley of Israel. Journal
of Hydrolo gy 79:23 1 -260

Rosenthal

E. (1987) Chemical Composition of Rainfall

and

Groundwater in the Recharge Areas of the Bet Shean-Harod Multiple

Aquifer System, Israel. Journal of Hydrology 89:329-352

Salameh, E. (1992) The Jordan River system,in Jordan's Water
Resources and their Future Potential edited by A. Graber and E.
Salameh, Friedrich Ebert Stiftung, Amman pp 99-105

Shawwa I.,R. (1992) The Water Situation in the Gaza Strip. in Water

Conflict or Cooperation Edited G Baskin-Israel/Palestine Center for
Research and Information pgs 16-25

Shuval, H (1992) Approaches to solving water resources conflicts in

arid areas--Israel and her neighbors as a case study. Report of Second
FAO/WHO Working Group on

ltgal

Issues in Water Supply-World

Health Organization, Geneva

State Controller (1990) Report on the Management of the Water
Resources of

Israel, December 1990 pgs 60(Hebrew)

Tahal (1990) Israel Water Sector Review-Past Achievements, Cunent
Problems and Future Options, by J. Schwarz, Report to World Bank;
Tahal-Water Planning for Israel, Tel Aviv December 1990 pgs 96

Tamimi, A-R ( L992) Water: A Factor for Conflict or Peace in the
Mi ddl e

hst, I s r ae li - P ale s tinian P e ac e Re s e ar c h Pr oj e ct -W orh'rn g Paper

Series No.20. Arab Study Society and the Truman Institute for Peace

of the Hebrew University of Jerusalem. Z7 pgs.
United Nations (1983) Permanent sovereignty over national resources

in the occupied Palestinian and other Arab territories -- Report of the
S e cre tary - Ge ner al, Ge ner al As s embly - Ec onomic and S o cial C o unc il
Al

381

282-El 1983 I U ?3 June 1983, 29pgs

US Army Corps of Engineers (USACOE) (1991) Section 2 --ProfileJordan River Basin. Water in the Sand:
113

Appendix

II

PALESTINIAN WATER SUPPLIES AND DEMANDS
Nader Al-Khatib and Karen Assaf

Abstract

In addition to a fairly good winter rainfall, the main water
resources in the Occupied Palestinian Territories

waters

(Om)

are the surface

of the Jordan and Yarmouk Rivers and the national ground

water aquifers. Since 1967,the Palestinian people in the OPT have had
a very limited access to water resources due to the various restrictions

imposed by the Israeli authorities. The Palestinian water demands have

surpassed many years ago the amount

of water allocated to

the

Palestinians by the Israelis. The domestic demand is expected to reach

726l.4c}lt per year in the year 2O2O while the agricultural demand is
expected to reach 500 MCM per year.

As the water resources in the area are very limited and cannot
satisfy the expected increasing demands, it is necessary for the
Palestinian people during this interim perid to use all possible water
enhancement systems, for example, setting-up a system for national
water resources management and demand; recycling of wastewater for
irrigation purposes; winter rains/flood water storage, including artificial
groundwater recharge, rain harvesting and small dams; construction of

the Western Ghor Canal; and conducting studies and research on
transferring appropriate water technology and regional transfer of
water.
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BACKGROUND

At the beginning of this century,

Palestine was part

of

the

Ottoman Empire. During the First World War, the area was conquered

by the British and Allied Forces in l9I7 and 1918. Britain ruled over

Mandatory Palestine until 1948. In 1948 the British Mandate was
terminated and Palestine was split into three regions - Israel, Gaza and

the West Bank. Israel declared its independence over the territories
which were inside of the "green Line" and the the West Bank and Gaza
Strip remained as Palestinian Arab Territories with no real leadership.
Soon after this tragic event, the West Bank was unified with Jordan
which was created by the British Mandate in 1922 on the area situated

of the River Jordan. The
from 1948-1967.
east

Gaza Strip was administered by Egypt

During the Six-Day Israeli-Arab War in 1967, the Israeli
military defeated all Arab armies and occupied the West Bankand Gaza
Strip. Since that time, these areas have been referred to by the United
Nations and in various official world bodies and governments as the
Occupied Territories or Occupied Palestinian Territories (Om) and this

terminology

will

be used in this paper. As a result of the 1948 and

1967 wars, hundreds of thousands of Palestinians fled from Mandatory

Palestine to the neighboring Arab countries, mainly Jordan, L,ebanon

and Syria. These refugees, as well as those remaining under Israeli

occupation, have since been waiting for return and/or compensation
along with a peaceful comprehensive solution to the Arab-lsraeli

conflict. On November 15, 1988, the Palestine National Council
(PNC) in a move of reconciliation, later called moderation proclaimed
the establishment of the State of Palestine to be sovereign over only the

West Bank and Gazz Strip with Jerusalem (the eastern part) its national

capital. However, other than the PLO government in exile which
handles some of the Palestinian affairs, the actual control of these
116

Palestinian territories remained in the hands of the Israeli Military
Government which the Israelis themselves refer to as the civil
Administration. But the civil Administration is not Palestinian and the
control of every single sector affecting Palestinian lives and aspirations
is controlled by the Israeli military laws and rules, including that of
water.

The proclaimed State of Palestine comprises the West Bank and
Gaza strip and has a land area of 6257 square kilometers. The west
Bank extends over an area of 5879 square kilometers while the Gaza
Strip extends over an area of 378 square kilometers (Al-euds, LgZ).

POPULATION
No population census has ever taken place by Falestinians in the
west Bank and Gaza strip. However, in 1967 the Israelis held a
census. Therefore, population information is often based on different

official Israeli statistics and non-official Palestinian estimates. The
projection of the various population figures for 1992 shows that the
Palestinian population in the

oPT

ranges between the

low Israeli figure

of 1,800,000 and a higher Palestinian figure of 2,149,O00.

The

Palestinian figure takes into consideration the total number of
Palestinians who hold Israeli identity cards, including those staying
temporarily abroad either for work or study and those living in East
Jerusalem. The low figure usually only recognizes those currently
residing in the west Bank and Gaza strip, excluding [iast Jerusalem.
In order to achieve proper planning for the Palestinian demand for
water in the coming 30 years, it is essential to know with a high degree

of accuracy the demographic changes that are expected to take place in
this area which should include any reliable data the Israelis have on the
Palestinian population and the numbers of palestinians in Arab

tt7

have the right of return to Palestine. If a just and
lasting peace is to take hold in the area and the limited water resources

countries who

will

are to be used in a

fair and peaceful manner, then the following

assumptions must be taken into consideration:

1 - The Palestinians and the Israelis

will reach sovereignty over their

land and natural resources with mutual respect and recognition of each
other's right to live safely in a civilized and democratic manner which
means the declaration of an independent Palestinian entity (state).

2 - As a result of the contemplated peace agreement, the standards of
living for the Palestinians will improve and the average population
growth will drop to 37o, 2.5Vo and 2Vo in the years zWO,2010 and
2020 respectively.

3 - The number of Palestinians who will return and settle in the new
Palestinian entity until the year 2000 will range between 650,000
people (The Washington Institute, 1991) and 1,000,000 (Shaath,
19139). A number close to one million seems more likely.

It should

be noted that economic development in the Near East

and the neighboring countries

will always be related to population

level. The opportunity for work and the high
economic growth in the Arab Gutf countries which encouraged the
Palestinians to emigrate has been haltedand the majority of these

increase and educational

emigrants returned to their homes in the West Bank and the Gaza Strip

especially when the political state in the Arab Gulf states started,
affecting these people adversely. This fact has been considered when
estimating the population growth and that is why the estimates here are
higher than the figures usually mentioned by the Israeli Central Bureau

of Statistics.

l18

Population distribution
The data on geographical disfibution of population is crucial for
physical planning, provision of services and economic development.

According to Palestinian estimates in 1990, around 43 percent of the
population lived in urban communities, 5 percent in semi-urban
communities, 35 percent in rural communities and r7 percent in refugee

communities. Projection of these estimates for the year 1992 is
presented in the following table.

Population Distribution, 1992 (thousands)
Type of Community

Percent

Urban

43

924,OOO

5

107,500

Rural

35

752,ON

Refugee

t7

365,500

TOTAL

100

2,149,0N

Semi-Urban

Population

PRESENT WATER RESOURCES

In water resources evaluation, a distinction is usually made
between surface and groundwater.

tt9

Surface Water:
Surface water is that which flows permanently in rivers or
wadis as flood flows and from springs or that which is held in seasonal

lakes. Permanent river and spring flows vary monthly and are
determined by the quantity and duration of rainfall, also contributing
somewhat to the groundwater supply.

The Jordan River flows along the eastern borders of the West
Bank from the north to the Dead Sea in the south. The average annual
flow of this river is about 1200 MCM (Abu Faris, 1992). Its water
resources originate in Israel, Lrbanon and the Syrian Arab Republic
and are being used to such an extent, in particular by Israel, that only a

small polluted amount reaches the West Bank. The Palestinians cannot
use even this amount because they have no access to the river due to
the various military rules and restrictions imposed on them after |W,
especially around the Ghor area of the Jordan Valley next to the river'
It is estimated that 180 to 200 MCM/yeaI may be provided by surface

runoff and from the Jordan River (U.N.,1992) for Palestinians in the
OPT.

Groundwater:
Groundwater is considered the main water resource for the
Palestinians in the OPT. The total annual renewable fresh groundwater
amounts to some 670 MCM (Al-Khatib, 1989). The system of aquifers

in the OPT consists of a number of geological formations extending
from the l-ower Cretaceous to the recent age. These include limestone,
dolomite, marl and sandstone formations (Figures 4 and 5) (Tahal,
1e7s).
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The formations tend to occur in a series of aquifers (Table 12)"
The aquifer system

in the OPT includes four major basins -

the northeast, the east and the coast.(Assaf, 1985; Assaf

the west,

&

Assaf,

1986).

The western aquifer or drainage basin flows towards the
Mediterranean Sea where it is tapped by Israel. This aquifer has an
estimated mean average safe yield of about 335 MCM/year (United
Nations, 1992). The northeastern aquifer discharges into the Bisan and

Zirien Valley. The average safe yield of this aquifer is about 140
MCM/year. The eastern aquifers belong mainly to the Upper
Cenomanian-Turonian and l,ower Cenomanian geological formations
with a safe yield of about 130 MCM. The coastal aquifer is the only
water resource in the Gaza

strip. It mainly consists of sandstone or

limey sandstone. The estimated safe yield of this aquifer is about 65
MCM (Shuval, 1992).

Table

12

Major Aquifers and Aquicludes Found in the West Bank
Formation

Description

Hebron

Limestone/dolomite: Main aquifer, occasional
marls but have no effect on water movement.

Bethlehem/Jerusalem

The second best aquifer with water movement
along joints and bedding planes. Marls in the

lower Bethlehem provide supporting and
confining aquiclude.
Jenin Subseries

Major aquifer in west and center. Lithologically

variable, but structurally most accessible.
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Beida/Lisan Alluvium Coarse marginal facies which are good aquifers
but soluble mineral content sometimes high.
Sandstone: Aquifer whose potential is excellen!

Ramali

but limited outcrop.

l-ower Malih

Karst limestone but limited exposure.

Yatta

Aquifer composed of limestone and chalk.

Abu Dis

Confining aquiclude, any potential infiltration is
inhibited by Nari cover.

Beit Kahil

Aquiferous; Marls in lower part and marly

limestone in the upper make it also an
aquiclude.

Kobar

Regarded as an aquiclude, although faults and

joints provide limited permeability.
AmmanlZnrqa

Outcrop location is unfavorable to infiltration,

but

with Khan al -Ahmar water available there is
aquifer potential.

(Al-Khatib, 1989; Assaf, 1!45)

Flood Water Runoff:
Surface runoff in most watersheds of the OPT is intermittent
and probably occurs only when the rainfall exceeds 50 mm in one day

w+

or 70 mm on two consecutive days (Al-Khatib, 1989). The runoff is
estimated at about 66 MCM/year (64 MCM in the West Bank and 2

MCM in the Gaza Strip) (Al-Khatib, 1989; AbuMaileh, 1991)'
Runoff has not been used or controlled on a large scale in the
OPT for any purpose. However, streams flowing to the Jordan Valley
contribute recharge to the shallow alluvial aquifer especially Wadi al-

Kilt, Uja and Wadi Faria'a. This flood flow is a very important source
in the future planning of water resources in the OPT. This requires
monitoring and control of rainfall runoff over the catchment areas
(Assaf, 1991).
The high costs of investment for storage reservoirs and the
Israeli military restrictions imposed on utilizing water resources in the
OPT are serious obstacles against efficient use of this resource.

WATER CONSUMPTION
Due to Israeli military administration and strict rules on any

information which may be obtained from the Water Department,
obtaining accurate data and exact statistics on water resources and their

utilization has been very difficult for us as Palestinians and also for
others interested in precisely predicting the future water needs of the
people residing in the region.Water scarcity and the corresponding
military orders are a function of the deficit between water consumption
and water demand. Water consumption in the West Bank and Gaza
Strip is mainly confined to drinking water and some agricultural use,
mosfly in the Gaza Strip and the Jordan Valley.
The main water sources in the OPT are boreholes, springs and
rainwater catchment. The volume of water consumed by Palestinians in
t25

the

oPf

usually varies with rainfall in the area which affects the spring
flow and borehole pumpage capacity. The current domestic water

for

consumption

Palestinians

in the west

Bank including East

Jerusalem and the Gaza Strip, is estimated at 54 million cubic meters

per year (west Bank including East Jerusalem zg MCM per year)
(Haddad, L992; and Al-Khudari, l99l). see Table 3. The current
irrigation water supply is estimated at \62MCM per year (90 MCM in
the west Bank and T2}y'rc}lin the Gaza strip). The total irrigated area
is estimated at 2M,000 dunams of which 104 dunams are in the west
Bank (one dunam is equal to l/10 ha). (Assaf, 1995; Al-Khudari,

l99I; Haddad,

1992).

Table

13

Domestic water consumption from piped systems

Water Consumption (cubic
Dstrict

Urbm

Rural

Areas

Areas

Jertrsalem

2,687,r38

u3 j42

Nablus

4,03t,9fi

Hebron

in the West Bank

meters per year)

Semi-Urban

Refugee

Total

Total

or

Region

Camps

8/.3342

190377

4,fl,19

1,t58,444

l833rg

fl,826

5,938,*1

2352,7N)

t,z99J&A

521,082

r77,ztD

43s0362

Ramallah

1,415,o23

rAt9,tu

259,616

179,U5

3273988

Tulkarim

2,m.8,9M

5r2

292,727

243,971

3,243,rt4

968,1t7

377316

z99,0N

126,883

tJ7t 3t6

1,126,@7

599,6t6

311.802

t25,t9t

2,163,2t6

t8/',t57

195.792

61,243

4T,T83

Jenin
Bethlehem
Jericho

TOTAL

14,774,692

697

6,590,700 2,7t0,887

t,669546 25J4s,822

References: Haddad, 1992; Center for Engineering and planning,1992.
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TryATER DEMANDS

The lack of surface water

for

Palestinians has made
underground water resources the only viable alternative to meet their
needs.

In the last two decades, the deficit between available water
resources and the growing water demand in the Gaza Strip has been
complicated by over-exploitation of the shallow aquifers and limits
placed on development. In the West Bank, increasing demands have
been frustrated, by freezing the water quantities allocated for agriculture

and setting these quantities similar to those which were extracted in
1967. This was done through many Israeli military orders (Orders
#92, #158, #498) which restrict the exploitation of the ground water.
In the future, if the present situation and military occupation continues,
then no increase of the water supply

will

be expected to take place,

especially for agriculture except, by the possibility of using small
quantities of recycled sewage from some Palestinian cities.

The previously mentioned water consumption rates of the
Palestinians are expected to sharply increase, if Israeli military
occupation is ended and a just peace is attained. The demands per
capita are expected to reach those of Israelis by the year 2O2O- This is
due to the

following

reasons:

a - The expected increase

in population due to normal growth

and

Palestinians returning to their homeland.

b - Due to their scatter (in the diaspora) all over the world, the
Palestinians have acquired habits, customs and cultural relations from
many advanced countries so it is expected that within a very short time,

as the Palestinian economy develops, the standard of living and
t27

consumption habits

will

become similar to that of Israelis and other

industrialized countries.
c - The long years of occupation have restricted the development of the
Palestinian economy and infrastructure. This will spur a high capital

and manpower investment from developers and aid agencies 'tin
meeting the water needs of the OPT entity or state which is expected to
reach the same level as that of Israel. Assuming a comprehensive and

just peace agreement is reached between the Palestinians and Israelis in
which both the Israeli occupation and the Falestinian Intifada (Uprising)
are phased out, then it would be possible for the Palestinians to build

their peaceful state and reach similar standards of living as the Israelis
have by the year 2O2O. There is also the possibility of wealthy
Palestinians returning and investing in the area, which is a hidden factor

not well explored.

The future forecast of water needs and usage is subject to wide

uncertainties due to having only estimates of future demographic,
political and as economic trends.

DOMESTIC WATER DEMAND

The water demand for domestic purposes depends on
population growth. It depends also on the future development of the
standards of

living. Our predictions of the projected

demands take into

consideration low and high population figures and are as follows:

DA

Table

14

V[ater demand projections with population growth in the OPT
Expected Population Per Capita Consumption Total Domestic

including returnees Consumption
Year

Low

High

1992 1,800,000 2,I49,OOO

cum/Yr

?o

67

2000 n*

2,930,000 3J22,OOO 84

2010 nx

3,750,000

4J61WO

increase

3.0

110

2.75

2020fi4,571,000 5,809,000 t25

r.25

*
*

Demand (MCIO

Low

High

tzt
2M
4r5
57t

14
313
524

726

Includes 25 cubic meters per year for house farming (gardens, vegetables, etc.)
Population projections include natural increase plus expected retumees

650,00-1,000,000 up the the year 2000.

Tahal projections for the Bethlehem and Hebron areas were 70

cum/c/Yr for pure domestic purposes without allocated agricultural
water. Note the 84 cum/c/Yr is well below 95 cu.m/c/Yr. References:
City of Hebron Master Plan for Water Supply and Cities of Bethlehem,
Beit Sahour and Beit Jala Master Plan for Water Supply. (Tahal
Consulting Engineers, Ltd., Tel Aviv).

Agricultural Water Demand
Agriculture has always been the major productive sector in the
Palestinian economy. This sector will become more important when a

is reached with Israel and the Palestinians in the
diaspora start to return to Palestine. The fact is that it will be easy to
peace agreement
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createjobs for these returnees in agriculture to produce enough food to
feed them and the existing popuration. The small population density in
the Jordan valley encourages absorbing investment by these returnees
as well as the profitable, irrigated agriculture in this area.

The agricultural water demands already many years ago
surpassed the available amount of allocated water. Total water
consumption for irrigation is currently estimated at around 162 million
cubic meters annually (72 millionin the Gaza Strip).
The agricultural areas may be divided as follows (Assaf, 19g5):

I - The Jordan

yattey Z,one:

It is characterized by being nearly a natural

greenhouse with

availability of fairly good fertile agricultural land. The availability of
groundwater as well as the surface water (i.e. the many springs) make
this zone distinctive importance. In addition, the importance of this
zone is more distinguished when considering the low population
density which encourages future settling of the palestinian returnees
where it would be possible to create jobs for them and improve the
agricultural sector of the state. Annual rainfall ftrnges from 50-25omm.
The major products of this warmest zone in the west Bank are bananas,

off-

season vegetables, and

citrus. palm trees producing good quality

dates and have lately become a promising new crop.

2 - The Semi-Coastal Zone:
This zone is characterized by fertile lands with shallow
groundwater. The rainfall is plentiful and often reaches over 600 mm
per annum. Major products of this zone are vegetables, citrus, field
130

crops and stone

fruits. A significant

percent of this area (12,000

hectares) are plains and hilly land with a slope of less than SVo, while
the remainder is hilly and cultivated with fruit trees - mostly olives.

3 - The Hilly Mountain Ridge:
This high-rainfall area of between 4fl-7W mm rainfall annually
extends for over 120 km from Jenin in the north of the West Bank to
Ramallah/Bethlehem in the center and is known for its olives and stone

fruits. There are over 8 million olive trees in this are:r. grapes become
predominant further south beyond Bethlehem.

4 - The Gaza Strip Coastal Zone:
This zone is characterized by sandy soils and very shallow
aquifers. Annual rainfall ranges from 200 mm in the south to

4OO

mm

in the north. The major agricultural products of this zone are citrus
and vegetables.

These four zones

of the Occupied

Palestinian Territories

represent the principal areas for extensively irrigated agriculture (see

Table 15).

13t

Table 15
Land categories of the West Bank With Respect to Their
Topography

Area

Average Type of
Rainfall Agricultural

mm

Category

[,ocation

(hectares)

in

Fertile

Jenin and

59,000

500-600 Field

Crops

Tulkarim

crops, Plains

vegetables,

especially melons,
citrus and other

fruit

Hilly

From Jenin

Chains

to Hebron

320,000

trees.

450-550 Fruit trees especially olives
and grapes.

Eastern

The westem

Slopes

slopes of the

145,000

2@350

Grazing areas,
barley, legumes.

Jordan Valley

Jordan

Valley

Around the

56,000

Jordan River

Vegetables,

tropical fruit trees

from Bisan

and some field

to Jericho

TOTAL

100-250

crops.

580,000

LAND AREA

Source: ASIR, Food Security in the West Bank and Gaza Strip, ESCWA and
AOAD. October 1985.
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The existing agricultural water consumption by Palestinians
(162 million cubic meters per year) does not reflect the real demands.

There is a big gap between the agricultural water demand and the

existing consumption. This gap is mainly due to the water policy
adopted by the occupation authorities after L967 which has frozen the
water supply to agriculture and to the lack of large investnrents in water

utilization due to insecurity of returnees under a military occupation.
(See Table 16).

Table 16
Rainfed and Irrigated Cultivated Land -- Number of
Dunams by District - 1990
District

Rainfed

Jenin

l'79,965

9,',|W

Tulkarim

&,776

15,657

Nablus

69,45

3,257

Ramallah and Bethlehem

59,724

1,272

145,295

y,325

450

29,468

58,000

110,000

Hebron
Jordan Valley

Gaza Strip

trrrigated

Source: ASIR Data Bank, 1992.

In the future, it is expected that in a very short time the
agricultural consumption will dramatically increase immediately after

the military orders concerning water exploitation are cancelled. In
addition, Palestinian planning policies for developing agriculture will be
133

reflected in the water demand and potential use in an area without
occupation.

The potential irrigatable land area is estimated to be 712,000
dunams (personal communication, 1992). Based on this, and
assuming that an average of 700 cubic meters per annum are needed

for

irrigating one dunam of land, then the agricultural water demand will be
500 MCM per year. This figure coincides with other estimates (304

MCM per year for the West Bank and 150 MCM per annum for the
Gaza Strip) (Bruins et al, 1991). The high cost of fresh water will
encouragerecycling of wastewater for agriculture as a cheap source.

WATER SUPPLY ENHANCEMENT
The very limited water quantity, its unequal and unfair
distribution and the poor quality of water resources, mainly in the Gaza
Strip and Jordan Valley have affected the quality of life in the OPT. To

improve and enhance the availability of water supplies for the
Palestinian people, more water must be generated and extracted from

national Palestinian resources. To achieve this, the Palestinians must
gain control over their land and national resour@s as well as their share

in the international water courses mainly the Jordan and Yarmouk
Rivers. To improve and enhance the Palestinian water supplies and
their distribution for the Palestinian people, two scenarios will have an
impact on this goal. These scenarios are:

1

- Enhancement of water supplies during a transitional peace perid.

2 - Enhancement of water supplies under an independent state which
might have confederation relations with Jordan.
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Enhancement of water supplies under a transitional period
The first scenario assumes that the palestinians in the opr have
to go through a transitional period of three to five years before a final
real peace agreement can take place. During this period most of the
water supplies must be considered for the immediate and urgent needs
to develop the existing national water supplies and upgrade the existing

systems.

At the same time, during this period the following

developments can be considered.

Improvement of water resource and water demand
management

This can be achieved by establishing a palestinian National
water Authority. The powers of this authority should extend to the
following:
a - Declaration that all non-private water resources in the

opr

are under

the new Palestinian Water Authority.

b - Establishment of district water companies. Nine local palestinian
water companies can be established, eight in the west Bank including
Jerusalem and another one in the Gaza Strip.

c - Establishing at the national level a water planning Center. The
district water companies can be responsible for the management of the
district water systems while the National Authority can plan the largescale water projects and coordinate

with other national authorities on
further research and studies regarding the enhancement of water
resources.
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d - Setting the water standards for the various uses and control of the
water quality in the OPT.

The water demand must not be treated as an independent or
uncontrollable factor. On the contrary, the level of service must be
chosen in accordance with the means available to provide it. It may be
possible in the long-term to avoid, delay or reduce investments in future

water supply extensions while improving the level of service all round

by implementing measures to manage water demand and produce
economies in water use. The demand on water supply in the OPT may
be reduced without a fall in the standard of service by the following
methods:

a - Leakage reduction
In many cities and towns of the West Bank and the Gaza Strip
more than 5O percent of the water entering the system may be lost as
unaccounted water. This high proPortion of loss should be cut down to
the normal situation (15 percent) by the rehabilitation of the distribution

networks and by improvements in the metering system. Any cutdown
percentage of losses means more water supply to the consumers.

b - Tariff policy
Although water meters are used in the Occupied Territories, the
standard of meter maintenance is still poor and many meters are often

not read. Accurate water meters must be installed and a regular
maintenance policy must be adopted.

A nominal charge should be levied for a minimal amount of
water to enable the poor people to obtain water for their basic needs,

while water tariffs would increase progressively for larger volumes.
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c - Water-saving taps and fittings
The enormous volumes of 10 to 20 liters used to flush
conventional cistern-flush toilets are unnecessary for efficient
operation. Devices that restrict flow to a fixed amount irrespective of
the pressure in the mains must be installed. The introduction of such

fittings can be assured by building regulations and by-laws.

d - Consumer education and information
Publicity campaigns to reduce water wastage and unnecessary
consumption must be carried out. Information on water supply systems
coupled with health education at schools, factories and clinics, focusing

on the inter-relation between health, water, excreta and wastewater
disposal can help to improve the water supply with respect to demand.

Development of irrigation methods

In countries where water is very scarce and agriculture is a
major sector in the national economy, water must be used very wisely.

Sprinkling and drip irrigation methods which can save water must be
used wherever possible and flood irrigation has to be avoided. At the
same time, since the evaporation rate is very high, open channels must
be covered or replaced by pipes and water channels should be lined or
cemented in order to stop any unwanted infiltration.
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Wastewater reuse
Every community produces both liquid and solid wastes. The
liquid portion - wastewater - is essentially the water supply of the

community after

it

has been fouled by a variety

of

uses.

rvastewater is allowed to accumulate without treatment, then

If

the

it can harm

the environment, infiltrate to the ground and pollute the groundwater
resources. In addition, untreated wastewater usually contains numerous
chemicals as well as pathogenic or disease-causing microorganisms that
can affect the health of people. For all these reasons, wastewater

treatment and disposal are not only desirable but also necessary.
wastewater treatment can be of more importance in semi-arid areas like
the west Bank since it can create a major potential for new and cheap
water resources.

wastewater treatment plants can be located near the urban areas
and refugee camps of the west Bank and Gaza Strip. The traditional
urban centers and their surrounding sub-urban communities where
efficient wastewater collection and disposal and treatment are of major
importance are the cities of Jerusalem, Nablus, Hebron, Ramallah, alBireh, Bethlehem, Jenin, Tulkarim, ealqilya, Jericho, Gaza, Khan
Yunis and Rafah. The population density and the standards of living in
these urban areas imply the necessity of building such systems. some
joint or integrated sewage treatment plants can be established in some

for instance, Bethlehem, Jerusalem and Ramallah/ar-Bireh. The
effluent can be disposed of toward the Jordan valley where it can be
used for agricultural purposes. Such joint treatment plants can reduce
areas,

investment costs. In addition,

if

the effluent can be mixed with storgd-.-

storrn water, then it can be used for unrestricted agriculture.
Construction of domestic sewage collection systems ani.tieatment
facilities amounts to a per capita investment in the orderof $300,Us in
the West Bank and $220 US Dollars in the Gaza Strip (see Table 7).
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Table 17
Investment Costs Per Capita for Sewage Systems Based On
Local Data Collected for Such Works
Task

In West Bank

In Gaza Strip

Collection and Disposal

$220

$180

Treatrnent

$ao

$ao

Hence, the total cost for implementation of sewage schemes in
the urban areas and refugee camps

of the West Bank and Gaza Strip

mentioned in Table 18 amounts to $387 million US for theyear 1992.

This does not include the construction of domestic water supply and

distribution systems or the agricultural irrigation systems. The
following, table shows the investment costs needed for constructing
sewage systems at various stages.

Table
Investment Needed

for

18

Wastewater Reuse Infrastructure

Urban Population

Accumulative Cost

and Refugees

Million Dollars

[.ow

High

Year

Low

1,080,000

1,280,000

twz

3V+

387

1,759,000

2,233,O0A

2000

5n

670

2,2fl,W0 2,859,000

20to

675

658

2,743,000 3,495,000

2420

823

1037

High

Estimated from previous figures.
Sewage treatment should not only aim to improve water quality
so that

it will not

cause any harm or create any danger when exposed to

the environment, but should also aim to use the effluent for agriculture.
Treated sewage for reuse in agriculture must always fulfill the standards
recommended by the WHO.*

The infrastructure needed to collect and treat the sewage for
agricultural purposes in the West Bank andGaza Strip is still very poor
and inefficient.

A lot of investment is still needed.

Full-scale implementation of wastewater systems will provide a
substantial amount of purified water suitable for agricultural use. Such
implementation should also consider that proper education of farmers is

still needed to reuse wastewatrer and advanced agricultural technologies
are essential. The following table reflects the wastewater quantities that
can be reclaimed.

Table 19
Quantities of Wastewater Potentially Available in the West
Bank and Gaza Strip
Population
Urban

Year

of

and

Refugee

low

Camps

Domestic

Wastewater Generated

Consumption

65Vo

cm/c/Yr

Consumption CUM

Potential
Wastewater

of Domestic

millionCUM

t.ow

High

19912 I,080,000 1,289,000

67

43.55

2000 1,7580m 2,233,W

u

y.60

20to 2,2fi,w

2,859,000

110

71.50

2020 2.743.ffi

3.485.000

125

81.25

High

47%
96 t22
161
223

2M
283

Source: Estimated by the authors based on previously mentioned
tables.

The above table shows that full reclamation of wastewater can
contribute up to 247o of the irrigation water requirements in the years

2000 and up to 56Vo in the year 2020. The additional water for
agriculture will eventually be available from other resources.

x

Planting industrial agro-crops, such

as

jojoba trees which prduces

an expensive industrial oil for lubrication, cosmetics and other uses
could be done near sewage treatment plants. These dwarf olive-looking
trees use little water and can withstand even salty water as has been

shown

in Peru and in the Negev of Israel. Jojoba

trees thrive on

wastewater. Over 80,000 jojoba trees have been successfully planted in

the West Bank and Gaza Strip as well as in Jordan over the Past ten
years. In the West Bank, they are all dry-farmed with no supplemental
water, except in Jericho (Assaf, 1992).
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Rain Harvesting and Flood Water Storage
Runoff water from ground catchments or from house roofs or
greenhouses and its storage in containers is a potential sour@ of water

for domestic purposes which can be used for drinking water or garden
agriculture around the house.

A catchment
of

area

of

100 square meters with a runoff efficiency

might produce more than 48,000liters of water per year in the
hilly and mountainous areas of the West Bank. These are quantities
that cannot be neglected in view of the current water shortage in the
8O7o

OPT. Rain harvesting is thus a potential water resource for domestic
use and

for agriculture mainly where drip irrigation is used.
There are many valleys in the OPT which concentrate runoff

water that could enhance agriculture if this runoff is stored behind small
earth dams or even concrete dams where possible. However, the main
obstacles against damming such water flow is the lack of funding and
the

difficulty to get permits for

such projects from the Israelis.

Enhancement of Water Supplies Under an Independent
State VYhich Might Have Confederation Relations with
Jordan
Under the second scenario, it is assumed that the Palestinians in

will have absolute rights to control and utilize all their water
resources, including the joint aquifers and recover their rights in the
Jordan and Yarmouk Rivers. However, to achieve this agreements
with riparian countries must be reached. All these resources will be the
the OPT

main water supply to improve the existing water shortages. Under this
scenario, it is expected that major developments
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will

be taken to expand

the water projects mentioned in the first scenario, in addition to
implementation of new large scale water developments which will
consider the following:

Construction of the \Yest Ghor Canal
The Jordan River flows along the eastern boundaries of the
West Bank where the water is much needed for agriculture in the
Jordan Valley. Obtaining full West Bank rights in the well known
Palestinian share from the Jordan and Yarmouk Rivers will encourage
the Palestinians to construct a West Ghor Canal to

fulfill objectives and

water needs as in the Eastern Ghor Canal of Jordan.

Implementation of a National lVater Systern Similar to the
Israeli National Water Carrier
This system will enable the Palestinians to increase the water
supply to the Gaza Strip from cheap Palestinian resources as well as to
transfer surplus water from the north to the south or from the west to
the east. This system of "fair taking and sharing" should also include

drilling of new boreholes in the region to tap the groundwater from the
various water aquifers in the summer and recharge them in the winter.

Improving and Protecting the Water Quality of the
Lower Jordan River
The Palestinians should reach an agreement with Israel as an
upstream country to prevent the diversion of the saline water near [-ake

Tiberias to the Jordan River.
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This might be possible by laying a main line or constructing a
channel to carry the saline water to the Dead Sea. At the same time
more water should be allowed to flow from [-ake Tiberias to the river.

Other

Schemes

Some projects which currently have uncertainties and projected

high cost can only

be

justified in the future if they become politically

and economically feasible. Such projects include brackish or sea water

desalination and transfer of water from outside the region.

Conclusion
The Occupied Falestinian Territories (OPT), i.e., the West Bank

and Gaza Strip including East Jerusalem have their main water
resources from two sources: (1) the portion of the Jordan and Yarmouk
Rivers which represent surface water supplies in which the Palestinians
have a legitimate share, and (2) the West Bank and Gaza Strip aquifers

which represent the main national water supply for these areas.

The Palestinians in the OPT, who are about two million now
and increasing at an annual rate of 3%o, do not receive more than l57o

of the water used by the Israelis. Palestinian water demands exceed the
quantities allocated by the Israeli authorities themselves. The various

Israeli military laws and regulations imposed after 1967 prevent full

utilization of Palestinian water resources. While the existing water
utilization by Palestinians now for all uses is about 215 MCM per year,
the demand is expected to exceed 800 MCM by the year 2000 (300

MCM for domestic purposes and 500 MCM for agriculture).

The limited water resources of the OPT necessitate a great need
for enhancement and development of these water resources. The

authors propose that this can be achieved not only through
improvements in the water resources, but also by water demand
management and various methods of water conservation including
development of appropriate irrigation methods, wastewater reuse, rain

harvesting systems and recharge of existing wells and aquifers. Great
enhancement of the Palestinian water supply can be achieved through

the construction of the suspended West Ghor Canal to

serve

Palestinians in the West Bank and the adoption of a Palestinian national

water system using some of the Syrian water rights in [-ake Tiberias
(the Syrian part of that lake was occupied by Israel in 1967\, and that
may be done through exchange of the Yarmouk waters to the Syrians.

We have calculated that the enhancement and development of
water resources through wastewater reuse only requires about $400

in 1992 but will

rise to $1 billion by the yeat 2O2O.
Development of all Palestinian waler resources including recharge will

million

require multiples of this amount. Money alone cannot accomplish the
required objective of complete development of Palestinian water
supplies as this cannot be achieved in the absence of an independent
Palestinian water authority with a pure political Palestinian backing.
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APPENDIX IV
PROPOSBD PRINCXPLES AND METHODOLOGY FOR
THE EQUITABLE ALLOCATION OF THE WATER
RESOURCES SHARED BY THE ISRAELIS,
PALESTINIANS, JORDANIANS, LEBANESE AND

SYRIANS
Hillel Shuval
Kunen-Lunenfeld Professor of Environmental Sciences
The Hebrew University of Jerusalem, Jerusalem, Israel

Abstract
This paper presents a methodology to analyze the water needs

of the five

riparians

-- Israel, Jordan, Syria, Lebanon

and the

Palestinians, sharing the international water resources of the area. There

are a number of factors that can be considered in studying possible
allocation of shared water resources including among others: de facto

historic use, amount of the shared resource, which arises in an
upstream territory or that naturally flows through a downstream
territory, alternative water sources and the legitimate present and future
human needs of each of the parties. The methodology proposed
concentrates on evaluating the human needs of each partner

in

an

equitable manner. The basic principle is drawn from Article IV of the

Helsinki Rules -- that each party is entitled to a "reasonable and
equitable share in the beneficial use" of shared international water
resources. A "Minimum Water Requirement" (MWR) allocation of 125
cubic meters/person/year needed to meet minimum human needs for
domestic/urban and fresh food of each party is proposed. When the
currently available water resources of each partner are compared to the
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estimated populations for the year 2020, it is apparent that the
Palestinians and the Jordanians will suffer from severe water shortages.
Israel will just be able to meet its minimum water requirement needs,
while Syria and lrbanon will have considerable excess water resources
above the amount required for their minimal needs. It is proposed that
one of the prime considerations in determining the degree of obligation

of potential donor riparians in assisting water short parties sharing the
same resource is the extent that they are able to meet their own
minimum needs. The degree of assistance should be, among other
things, proportionate to the amount of excess water resources above the

amount needed to meet their own minimum survival needs.
Accordingly, Syria and Lebanon are the countries with the greatest
excess.

t5l

INTRODUCTION
Adequate supplies of good quality water ire an essential element

for the survival, economic welfare and prosperity of

Israelis,

Palestinians, Jordanians, Lebanese and Syrians and a cause for deep
concern and fears for the future by all the parties in the Middle East

who are currently searching for a peaceful resolution to their long-

standing conflicts. For better or for worse, the Israelis and the
Palestinians in the territories are bound together by common geography
and hydrology in their shared use of the transboundary waters.

Jordan and Syria are likewise partners in this shared use of the

Jordan and Yarmouk River system. lrbanon is no less a partner,
since a portion of the sources of the Jordan River and the spring
sources of the Hasbani River arise in Lebanon (Naff and Matson,
l98/). This common geography ties the fate of all five peoples together
and requires that they find a common solution based on equitable
apportionment and mutual help to meet the legitimate needs of all
peoples.

One of the existential concerns of the Palestinians is their fear

that they

will not have adequate supplies of water to assure

their

economic and social development and to meet the needs of the expected

major increase in population. Jordan and Israel are likewise deeply
concerned about their limited water resources and need to find assured

solutions to their future water needs. Syria and Lebanon are in
relatively stronger positions as far as water resources are concerned,
but Syria faces insecurity on the water question, particularly in relation
to fears concerning their sources of water that arise in Turkey.

There are already claims and counterclaims concerning the
shared use

of the transboundary waters common to Israel, Syria,
t52

Jordan, lrbanon and the Palestinians in the occupied territories, and

just and lasting solution to these water issues will be one of
the preconditions for the successful conclusion of the peace process.

finding

a

It is the objective of this paper to analyze the nature of the water
problems faced by the parties to this dispute and to suggest some basic

principles and a methodological approach for analyzing water needs on
an equitable basis and the degree of obligation of potential water
donom for consideration of the negotiators on all sides.

THE SHARED TRANSBOUNDARY WATER
RESOURCES UNDER DISPUTE
The water resources under consideration in this paper are the
Jordan-Yarmouk River Basin, the mountain aquifer (in the West Bank
and Israel) and the Gaza Strip aquifer. Prior to the Israeli occupation

of

in

1967, these water resources would have been
considered, under international law, as shared international water
resources (Caponera, 1992) and we have assumed that under

the territories

international water law they should be dealt with as such in the current
peace negotiations.

Israel, Jordan, Syria, lrbanon and the Palestinians would then

all be considered riparians in the sharing of the resources of the Jordan
River Basin, while the Israelis and Palestinians share the transboundary
waters of the mountain aquifer and the Gaza aquifer.

The nature of the claims and counterclaims of the parties to the

dispute has previously been described in detail (Shuval, 1992). In
brief, the Jordanians and Palestinians claim that based on historic rights
and current and future needs, they should be allocated a greater share
153

of

the Jordan River and shared ground water aquifers and that Israel
should reduce its withdrawal of water in its favor. Israel claims the
right to continue to use their portion of the shared water resources,
based both on its legal rights derived from its historic use going back
some 70 years, and its present and future needs. This is a zero sum

game since there are little or no unutilized water reserves directly
available to these three parties. Israel, Jordan and the Pdlestinians will

all face severe water shortages in the future, and any reduction in their
resources is perceived as a serious threat to their survival.

INYENTORY OF WATER POTENTIAL OF THE THREE
SHARED WATER RESOURCES AND
WATER USE IN 1992
For purposes of general orientation we shall present in Table 20

a summary of the estimated water inventory and water use by the
Israelis, the Palestinians and the Jordanians as of lDZ, from the three
shared water resources. These data are drawn from a yet unpublished

report which is another part of this joint water study. The figures
presented in Table I are estimates based on the best available sources

including Israeli, Palestinian, Jordanian and other international sources
(El Khatib,1999; AMulhadi, 1991; Bani Hani, I9g2: Benvenisti and
Gvirtsman, 1992; Bilbeisi,

IDZ; Bruinsetal, l99l; Goldberger, l9g2;

Gruen, 1992; Hydrological Service, l19i:l; Kahan, l9B7; Rosenthal,
1987; Salameh, 1992: Shawwa,

lW2;Tahal, 1990; Tamimi, 1992;and
USACOE, 1991). The estimates presented in Table 20 have been
critically reviewed by leading Israeli and Palestinian hydrologists and
are considered to be the best available at this time. some of the data,
such as water sources and water usage by new Israeli settlements on the

West Bank are not available from open sources and are thus only
estimates.

ty

TABLE 20
The Estimated \ilater Potential and Use Inventory for the
Three Shared Water Resources Serving Israel, Jordan,
Syria and the Occupied Territories
(Fresh and Brackish Water)
:== =:=:=::==: ---

Resource

Mountain

MCM/Yr

by Used by Used bY Unused
Israel Palstn Jo(SYr)
MCM/Yr MCM/Yr MCM/Yr MCM/Yr

632**

M3*

Tot Avail

Used

*r.59

110

Aquifer

4

60(o1 35)

Guza

90

(minimum deficiq-36

Aquifer
Jordan

+

1,060

ffi

1s0(170)

100

***r

100

Yarmouk Basin
Lower Jordan 210
Totals

t.962

l,lw

2w

320

223

================================================
*Including an estimated 50 MCM/Yr used by Jewish settlements built after 1967 in the
West Bank

**

Includes an estimated 180 MCM/Yr of brackish water.

*x* Mainly brackish water, some of which could

be diverted upstream as fresh water or

desalinated for domestic use.

****

Mainly irregular brackish return irrigation flows and from saline springs with

particularly low flow in summer, which could be desalinated for domestic/urban use.
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From the above inventory, tentative as it may be, it appears that based
on the present historic de facto use of the shared water resources

serving the Israelis, Jordanians and palestinians, the amounts of
unutilized water available in the occupied territories for further
economic development and population growth are limited and/or of
poor quality. Gaza already faces a severe deficit of at least 36 MCIWyT
but possibly as much as 55 MCM/yr (Bruin et ar,
years of over pumping.

l99l)

as a result

of

We have assumed here that no party to the shared water
resources will agree to forego their present de facto water extraction
rates through unilateral action by another party, and that changes will
take place only as the outcome of negotiations and mutual agreement in

the framework of a general peace agreement. Thus, assuming for the
moment no changes in water allocations, then the potential of unused

water in the west Bank mountain aquifer is limited to about 60
MCM/Yr of brackish water, part of which may be extracted as fresh
water at higher upstream locations

if sufficient effort is devoted to its
development. The optimistic estimate of r00 MCM/yr of unutilized
water in the Jordan River Basin including the yarmouk would require
the construction of a major dam to store it. This water is needed both by
Jordan and the Palestinians and only through negotiations will it be
possible to determine its final allocation. If, however, Syrian diversions

are as great as those reported from some sources, then even this
potential source is no longer available. with proper investments in
development some 100 MCM/Yr of brackish water from the lower
Jordan could be utilized for domestic purposes after desalination by the

Ro process which is considerably cheaper than sea water desalination.
A larger quantity might become available for utilization with the
completion of the Mediterranean-Dead Sea Canal.
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A word of

caution involving the use of above figures since

many of them are difficult to validate at this time. The candid sharing of
accurate and detailed hydrological information is essential to clarify

vital matters. One of the important early steps in a frank and open
negotiation process aimed at reaching a just and honorable settlement
these

should be the full sharing of accurate information concerning water
quantity, quality and utilization from all sources.

From the above brief presentation it is clear that there are major
claims and counterclaims concerning the water rights and water quality

on the above three transboundary water resources which must be
resolved in the framework of the peace treaty outlining the agreed upon
share of the water for each side and mechanisms for its management,
environmental protection and control.

International Water Law
It is beyond the scope of this paper to present a detailed analysis
of international water law. Caponera (1992) has suggested that the
essence of international water law is summed up in the "Helsinki

1966 -- recommendations of the International Law
Association which holds that water disputes be settled equitably
through direct negotiations. Article IV of the Helsinki Rules states that
"Each basin state is entitled, within its territory, to a reasonable and
equitable share in the beneficial uses of the waters on an international
drainage basin." These rules further provide for taking into account,
Rules"

of

among other means, possible alternative water sources that might be
available to one of the parties, the possibility of economic compensation
and the economic and social needs of each partner.

Thus, based on modern principles of international water law,
both the historic water rights of Israel as one of the de facto users of the
shared transboundary water of the Jordan and Yarmouk Rivers,the

mountain aquifer and the ground water and surface runoff in the Gaza
area, and the rights as well as the growing human needs

of

the

Palestinians on these shared bodies of water must be considered on the
basis of equity and legitimate needs.

be expected,

All

the parties to the conflict would

in the first instance, to negotiate directly

themselves to arrive at a settlement based on the principles

among

of "equitable

apportionment" and "community of interest" rather than to enter some
type of confrontational litigation expecting some supra-government
authority to enforce

a

judgment based on what each side views as their

legitimate rights (Shuval, 1992).

The Helsinki Rules give particular weight to the priority of
historical use. However, they clearly state that each partner to a shared
resource is entifled to "...a reasonable share of the beneficial use of the

water." This principle clearly suggests that each partner must share in

in assisting those partners who face severe water
shortages to meet their minimum human and social needs for survival.

some equitable way

The concept of "equitable apportionment" and "reasonable and equitable
share" is not clearly defined and there are many conflicting factors and
considerations in it determination it under present intemational law.

Whether or not international law is actually binding at this time,
the community of nations

will undoubtedly expect that Israel and her

neighbors negotiate a settlement based on the mutual recognition that
they do share common surface and ground water resources. and that an

accommodation should be reached in the spirit of the principles of
"equitable apportionment" under international law in such a manner that
the legitimate needs of each partner sharing the transboundary water
resource

will

be met.
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Proposed Basic Principles for Peaceful Cooperation
Between the Partners to Shared Water Resources
While both sides will undoubtedly present their claims and
counterclaims based on historic, geographic, political, legal and moral
grounds we feel that to make progress in the negotiation process an

effort should be made

to

reach an agreement on basic principles for

resolving the conflict on which all can agree as a starting point.

The "basic principles" proposed in this study in the following
section are aimed at providing the parties to the dispute with a proposal
for their consideration of one possible approach to assuring the minimal
human needs of both parties which could meet the criterion of a "
reasonable and equitable share." Our proposed basic principles could
hopefully serve as a pornt of departure for negotiations and agreement.
The approach proposed for the peaceful cooperation between
Israelis and Palestinians in the utilization of their shared transboundary

water resources on what are defined as "international drainage basins"

is to be based on the spirit of the principles of "equitable
apportionment" and "community of interest" as proposed in
international water law. These principles are laid out primarily in the

Helsinki Rules of 1966, the Seoul Rules and the Geneva proposals.
Today it is generally accepted by most countries and international water
law experts that these concepts apply both to transboundary surface
waters as well as ground waters.
It is recognized that

these rules and principles are not binding

in

themselves upon partners to water disputes and that their application

and interpretation are the subject

for negotiations and agreement

between the partners. However, they do serve as a point of departure

for arriving at a just solution. These principles of international water
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law take into consideration both the actual historic use patterns of the

shared transboundary waters, claims to water rights based on
geography and the hydrology of the international water basin, as well
as the legitimate unmet human needs

of the partners

based on present

and future populations.

While international water law gives considerable weight to the
actual historical use of shared transboundary water, such historic use

patterns are not considered absolute or immutable. Neither does
international water law grant priority in use, automatically, to the
territories in which the waters arise, while it is generally recognized that

the legitimate needs of such upstream partners must be given due

consideration regardless

of their previous utilization of

the

transboundary waters involved in the dispute.
International water law also requires that due consideration be

given to the objective human needs and requirements as well as all
available alternative water resources of all the partners to a shared
water resource when considering the allocation of the water of a shared

international water resource. International water law suggests that when
considering the issue of the water needs of a water short partner with
no alternative water sources, that the more water rich partners who do
have alternative sources should be considered candidates to assist their

water-short neighbors.

It is in the spirit of these concepts that the following basic
principles are proposed for consideration as a possible starting point for
negotiations and agreement between the partners.

Proposed Basic Principles for Peaceful Cooperation
Between the Partners to Shared Water Resources
(ln Hierarchical Order)

l.Water rights should not be taken or changed by force or without
mutual agreement.

ZIhe "Minimum

Water Requirements" - (MWR) of the partners to the

Israeli-Arab conflict should be determined in the spirit of international

water law based on the principle of equitable apportionment of the
shared water resources and the other water resources available to each

in order to meet legitimate human and social needs, with a minimum of
an equal water allocation per person for domestic, urban, industrial and

minimal fresh food use required for survival.
3. Water resources within the territory of a partner will first be allocated

to meet the present and future "Minimum Water Requirements" (MWR)
of that partner, and after that the other water uses within the same
territory.

4. Historical actual water usage from shared resources should

be

maintained and normalized through mutual agreement on condition that
the "Minimum Water Requirements" (MWR) can be met from sources
within each territory sharing the water resource or from adjacent
sources to which the territory has obtained the rights of use through
agreement with another entity. However,

if

one entity cannot meet its

MWR from water resources currently available to it, and other entities
on the shared international water resource have water in excess of their
own future MWR needs, then they should be expected to transfer water
to the water short entity in the framework of a negotiated international
agreement. The amount of water transferred at any given time should
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not be greater than the actual current needs for domestic/urban/industrial
use.

5. One or more territories on a shared international drainage basin that

can meet all of its own present and future, "Minimum Water
Requirements" from its own local sources should be the prime
candidate for negotiations and agreements aimed at the sale and/or
transfer of water to its neighbors on the same international drainage
basin who cannot meet their "Minimum Water Requirements" from

local or other available sources which it has historically used or has
gained the legal rights to use through agreement.

6. In the case where there are more than two entities sharing a water
resource and one of them cannot meet all of its own present and future

"Minimum Water Requirements" and the other two or more entities can
meet their own MWR, then the degree of liability of potential donors to
the water short entity shall be proportional to the extent of unused water
resources and excess water above the amount needed to meet their own

minimum water requirements.
7. A non-contiguous territory, in the immediate region, that can meet it

own present and future MWR from its own local sources should also
be considered as a potential candidate donors for water sale and transfer

to its neighbors in need of water as a function of its own unused water
resources or the excess water above the amount needed to meet its own

MWR.
8. The permanent

or temporary transfer of water and/or water rights

from one territory to another should be arranged through negotiations
and mutual agreement. Compensation for transferred water or water
rights must be determined through negotiations and agreement.
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9. Every agreement involving the establishment of allocations,
normalization, transfer or reallocation of water or water rights on a
shared water resource should include factors such as financial or other

forms of compensation, such as water exchange or water import from

external sources. Other factors in such agreements should include:
environmental protection, pollution control standards and guidelines,

information sharing, joint commissions for inspection, monitoring and

control of both quantity and quality on both sides of the border and
agreed upon, binding methods of settling disputes including arbitration
and/or adjudication.

Proposed Basis

for Calculating

the

"Fundamental Minimum Water Rights"

It is generally agreed that the absolute minimum water
requirements to meet basic human needs are those needed to for

"domestic consumption." However, we suggest that the broader
concept of "urban consumption" is more appropriate. Urban use
includes both the actual domestic or household consumption, which is

usually only about 50Vo of the total urban use, as well as the water of

drinking water quality needed to meet normal public uses for schools,
hospitals, services, commerce, trades and industry.

The "Minimum Water Requirement" proposed for consideration
is 100 cubic meters/person/year (CM/P/Yr) for domestic, urban and

industrial use (Shuval, 1992). This amount of water per person per
year has been found to be generally adequate in Israel and other water

short areas with similar climate for the maintenance of a reasonable
hygienic level and a high standard of living based on employment in the
urban/ industrial sector, not including agriculture.
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In light of the agricultural tradition of the area and the high
social and cultural value placed by the availability of fresh garden
vegetables for consumption of the local population we propose for
consideration that despite the fact that fresh water allocations for general

agricultural purposes are most likely not feasible for those entities
facing serious water shortages, that

if

the available water resources

allow for it, there should be a symbolic additional allocation of 25
CM/P/Yr of fresh drinking quality water for minimal growing of fresh
vegetables (such as in vegetable gardens adjacent to homes) that require

the use of fresh water of drinking water quality. While we recognize
that this allocation is not strictly speahng for domestic consumption we

feel that it is justified since, for public health reasons, fresh water of

drinking water quality is normally required for such vegetable gardens
adjacent to homes in peri-urban areas and villages growing salad crops
and vegetables eaten uncooked.

The "Minimum Water Requirement" calculation does not
include any other direct allocation of fresh water for agriculture but
does assume that additional water for agriculture and/or other uses can
be made available through the recycling and reuse

of

some 657o

of the

water allocated for domestic/urban/industrial use. In other words there

will

be, in effect, the possibility of generating another 65 CM/PA(r

if an

effective total water recycling program is introduced. Thus, the total
effective allocation of water could reach 190 CM/P/Yr (125 CM/P/Yr

from fresh water sources and 65CMlPlYr from recycled wastewater)
(Shuval, 1992).

It is also assumed that while the present domestic/urban/
industrial water use on the West Bank and Gazaand in Jordan is only
about 35-50 CM/P/Yr, and even less as compared to 100 CM/P/Yr in
Israel, that the water consumption levels will, in time, be the same in all
urban communities and thus it is justified and necessary to recognize

t&

the need for an equal water allocation from the beginning.

tt

is

understood that this might provide for a larger allocation of fresh water

for agricultural purposes for the Palestinians and Jordanians during the

interim period, recognizing that some 3O7o of the Palestinian
population, and more in Jordan, currently make their living from
agriculture as compared to less than 5?o in Israel.

In time, with increased standards of living and improved socio.
economic conditions, domestic, urban and industrial use patterns will
grow among the Palestinians and Jordanians so that all of the allocation

of "Minimum Water

Requirement" would be used for its intended

domestic/urban purpose with essentially no allocation of fresh water for

agriculture. The agricultural population in the future

will

be reduced

proportionately and what agriculture will remain will be based mainly
on the use of recycled wastewater. Wastewater will have to be purified
to a very high level. This

will

be essential both to prevent pollution

of

the vital groundwater sources under the various aquifers, most of
which are karst and highly sensitive to contamination from surface
pollution, and to allow the growing of unrestricted crops of maximum
economic value to the farmers.
However, if part of the "Minimum Water Requirement- (MWR)

is to be supplied to one partner to the dispute who suffers from a
shortage of water to meet domestic needs, by another from the stock of
resources covered by its recognized historic use, then only the actual
domestic, urban and industrial requirements at any given time would be
transferred, up to the full allocation as real demand grows.
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Illustration of Application of Principles and

Methodolog5r

As an initial trial illustration of the application of the above
principles and methodology (See Table 2l) we will estimate the present
and future populations to the year 2U2O of the five direct riparian parties

to the dispute in addition to the two nearby countries, Turkey and Egypt

(column 1), and their estimated known renewable fresh water resources
potential (column 2).The current and estimatedz0z0 population figures

for Syria, l.ebanon, Turkey and Jordan are from the US Army Corps
of Engineers study (1991). The water potential of Turkey, Syria, and
Lebanon are from Kolars (1992). These figures are not all verifiable.

The estimates for the year 2O2O may be high and are used for
illustrative purposes only. The population growth estimates for Israel
and the Palestinians are lrom our own study (Shuval, 1992). From
these estimates we can calculate the available fresh water per capita per

year for 1992 and the year 2020 (column 3) and the "Minimum Water

Requirement" MWR for 2O2O (column 4). From these figures we ciul
calculate the total excess (or shortage) of water for each party (column
5) in relation to the MWR for each of the partners.

From this presentation it is clear that the Palestinians suffer now
and

will suffer in the future from serious water shortages. Assuming

for the moment that they have available only the water resources that
they currently use and those unutilized resources in the territories, then
their per capita water resources would be reduced from 150 MC/P/Yr in
1992 to 60 MC/P/Yr in 2020. The total amount of additional water
required just to meet the MWR of the Palestinians in the year 2020 is
estimated at some 325 MCM/Yr. The situation for Jordan is similarly

bleak. Assuming no increase in their water potential above 1100
MCM/Yr, then its per capita water resources will be reduced from 315
MCIP/Yr in 19P2 to some 110 CM/P/Yr

t6

in

2020.

The amount of additional water required just to meet its MWR is
some l5O MCM/Yr. By the year 2A20, we estimate that the Palestinians
and Jordan together may have a total water deficit

of

475 MCIWYT

just

in order to meet the very modest water allocation for survival which we
have defined as the MWR of L25 MC/P/Yr. This does not include any

allocation for agriculture other than the absolute minimum symbolic
allocation of 25 CM/PA(r for fresh vegetables.

::=-=:=--==:Table 21

I
POPUT.ATION

L992

2U20

Millions

Israel

5

Jordan

2345
WATER TOTAL

WATER

TC'TAL TOIAL

tvtWRIN
PCIENTIAL CIvOP/Yr 2V2A
MCM/Yr lWz 2UO MCM/Yr

RESOURCES CAPITAATEAR

D(CESSOR
SHORTAGE

MCM/YR

l0

l50o

300 150

1,2{

+25O

10

I,100

315

110

r,250

-150

150

60

a5

875

400

3,2fl

860

ffi

+3,160

10,400

+95,000

300t

Pales-

-325

tinians

Syria

t2

26

[.ebanon

4.3

Turkey

83

Egypt 50

120

10,500

t,230

3,700

105,000

3300

1,910

60,000 l,2W 500 12,800
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+7,250

+47,000

TABLE 21, Can Available Fresh Water Resources Meet the
"Minimum Water Requirements" (MWR) of Middle Eastern
Countrles? Estimated fresh water resource potential, estimated population in the
year 2020. and ability of water resources to meet "Minimum Water Requirements"

(I\{!VR).

It is assumed that the "Minimum

Water Requirements" (MWR) for

survival are 100 cubic meters/ person/ year for domestic,urbanand industrial use and

25 CM/PiYr
ass

for minimal growing of fresh food for local consumption. It is

'med that recycling of all urban wastewater will generate another 65 CIWP/Yr for

additional agricultural, industrial and urban non-potable purposes.

*Includes an estimated additional 100 MCN{/Yr over current usage from locally
available unutilized souroes.

Assuming that Israel continues to utilize the water resources that

it is currently using, then by the year 2O2O it too will find itself with
just a bit more than the MWR. Israel's per capita water resources will
go from 300 MC/P/Yr to 150 MC/P/Yr by the year 2O2O. The total
excess of water resources above the amount required for domestic,
urban and industrial use to meet the MWR

will

be 250

MCM/Yr.

Syria, Egypt and lrbanon will, in the year 2020, still have 4OO,
500 and 860 MC/P/Yr. respectively. While Turkey
water abundant range with about 2000

If we now

will remain in the

MC/Pl(r.

examine the situation as presented here in terms

of

the general principles we have proposed in the spirit of the Helsinki
Rules we find that of the five parties who share in the transboundary

water of the area, two (Jordan and the Palestinians)

water shortages and

will

face serious

will not even be able to meet their "Minimum

Water Requirements" (MWR) for drinking water unless their water
resources are increased. Israel will just be able to meet its MWR and

will

have only a minimum amount of about
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2sMClPlYr of fresh water

left for other purposes, while Lebanon and Syria will be able to meet
their MWR without any problems and will have considerable amounts
of water in excess of the MWR for other purposes including
agficulture.

Let us assume for a moment that Israel alone is called upon to
contribute water to the water short parties. Even if it transfened l00Vo
of its excess above the MWR it stilt would only cover about 507o of the
needs of Jordan and the Palestinians (475 MCIvI/Yr). (See column2

n

Table 23).

TABLE

22

Proposed Ranking of Potential Donors to the Water Short
Parties (Jordan and the Palestinians) Based on the
Estimated Degree of Excess Water Resources in the Year
2020 Above the Minimum Water Requirement of 125

CM/Person/Year.

t2
EXCESS ABOVE

MWR

1.

2.
3.

Syria

4oOFEXCESS TO

MEET DEFICIT

7,250 MCIvI/Yr.

Lebanon 3,160 MCMET.
Israel 250 MCM/Yr

Turkey

3
7o

CONTRIBUTION

IF SHARED S+L+I

6.5

Vo

687o

L5.0

7o

307o

190.01o

27o

95,000 MCM/Yr

0.57o

If

Syria, which is no less of a party than Israel to the shared
water resources, contributed all of the water needed to cover the deficit
of the Jordanians and Palestinians it would amount only to a reduction
in its excess resources of 6.57o.If Lrbanon contributed all of the water
needed

it would

represent 15.07o of its excess resources.
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If

Turkey,

however agreed to contribute or sell, the water needed it would only
represent a reduction of about O.57o of its excess resources.

If however, for example, three out of the five riparians, Syria,
lrbanon and Israel, are together asked to contribute to meet the water
needs of the two water short partners who are riparians on the water
resources, proportionately to the amounts of excess water that they are

estimated to have in the year2o2o above that needed to meet their own

MwR needs, then the calculated percentage of the contribution of each
of the three countries would be as shown in column 3 in Table 3.
Under such a proportional allocation Syria would be expected to
contribute 687o of the total deficit, Lebanon 3o7o andlsrael2To.

This calculation has been presented for illustrative purposes
only. It is recognized that the estimates of potential water resources and
present and future populations are rough approximations at best and
need to be refined. This approach is based on the "equitable utilization"

principle of the Helsinki Rules. It is designed to meet the "Minimum
water Requirements" (MWR) for survival of all partners. It should
provide one possible method for analyzing the degree of need of the
water short riparians and the possible degree of obligation to assist the
water short riparians by the others who at least can meet their own

"Minimum water Requirements" (MWR). It can be used alone or in
combination with other factors and criteria.

Obviously none of the partners will be satisfied with an
existence based only on the above "Minimum water Requirements"
(MwR) allocation. A bold regional water-for-Peace plan for increasing
the water resources of the area for all by importing water or desalination
sponsored by the major powers could become an important impetus to
the peace process. It will be easier to agree on equitable reallocations

with a larger pie to divide up (shuval, r99z). However, there must be a
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recognition that imported or desalinated water will, in general, be costly
and can be justified only for rational economic uses, which most likely

will not include agriculture.
This methodological approach may be one way of approaching
the problem of water allocations to water short partners and hopefully

will provide some input into the negotiating process. I[ will certainly be
controversial and will raise many objections. However, it is presented
as food for thought. There are, of course, other factors that can be
considered in studying the question of water allocations on a shared
aquifer but the concept of equitable allocation based on meeting minimal
human needs should be of prime importance. In the final analysis, it is

only through direct negotiation that an eventual agreement can be
reached and it is not the task of this Paper to prejudge the outcome of
that process.

L7t
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Appendix IY
COSTS OF INTER.REGIONAL CONVEYANCE OF
WATER AND COSTS OF SEA WATER DESALINATION
ElishaKally
General Manager, B.E.C., Israel

1.

GENERAL

This paper refers to the "costly water" of the two following types:
(a) Inter-Regional Conveyed Water and
(b) Desalinated Sea Water.

The above subjects are dealt with on the background that the
cost of this water is to be a major factor with regard to the real
possibility of incorporating them into the system. The following
subjects are elaborated here:

(a) The updated cost of Nile water conveyed to the Gaza strip by a
canal system.

(b) The cost of conveyance of water by pipelines from various sources
in the Middle East to several destinations in Israel, the territories and
Jordan.

(c) Updated sea water desalination costs.

(d) water exchange: Turkish Euphrates water in the Syrian Euphrates
Dam in exchange for the Yarmouk water used by Syna.
t75

2.

COST OF NILE WATER CONVEYED TO THE
GAZA STRIP

2.1 General
The cost of the Nile water in the Gaza Strip is comprised of the

following:
(1) the value of the water at the sour@,
(2) conveyance cost through the Sinai (along with the planned Egyptian

"El Salaam" Project (E.S.P.) route),
(3) conveyance cost from North Sinai up to the Strip,

(4) treatment of the water towards either direct use in irrigation or
artificial storage in the Strip's aquifer.
The values of the above four components were updated and
elaborated for a 100 MCM/Yr project out of Publication 2.1 data as
detailed below.

2.2 Price Change
Reference 1 prices are 1985 prices. The price change between
19{35

and 1992 was taken as the average between:

(a) the U.S.A. Construction Cost Index as published by the ENR
Journal (pri@ change ratio: 1.179).

(b) the findings of Reference 2 regarding a similar structure price
change (Two seas Project, between l%2 and lggl), which gives the
corresponding dollar price change as 1.125.
The resulting average which is to be used hereafter is 1.15.

Pls[$

TsEtrtt"r' t #fr

lr3)

u

"

-----&special caza striP Project
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2.3 The Investment Cost of the E.S.P. Route Part
This cost refers to the route of the Egyptian "el Salaam Project"
(E.S.P.) starting from the Damietta Nile branch up to South el Arish,
200 km from the Suez Canal.

The conveying system cost as a function of its capacity is
shown in Fig. 1.
The cost of this conveying system depends on the method of its
cost sharing with the Egyptian Project as follows (refer to Fig. 1):

(a) the cost of a marginal 100 MCM/Yr project over the basic ESP

lBCMAtr is $45M,
(b) the average cost in a common 1100 MCMA(r project is:
1205

x

0.1
1.1

=

$110M,

(c) the cost of an independent 100 MCM/Yr project (not related to the
E.S.P.) is $250M (refer to Fig. 7). This leads to the following project
cost (Table 24).

Table 24

l,OO

MCM/Yr Project Cost

(In Million Dollars)
Cost Share

Form

The E.S.P. The Sinai-Gaza
Route Part
Route hrt

Marginal

45

Average

110

Independent

2fl

&

g
&
r78

Total

109
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2.4 The Water Cost
Water cost components apart from the investment ones (updated

Fublication 2.1 costs) are:

a Value at the source:

$0.04.6 im3

b. Power (by 6/krvh ):

$0.04.6 /m3

c. Operation, maintenance

& teafrnent:

Total

$0.04.0 /m3

$0.13.2/m3
These components added up to the investment cost result in the

following water costs:

Table 25 - \ilater Cost, (cents)/m3
----------L--

lnvestment Other Costs
Form of Cost

Share

with the E.S.P.

Interest

6?o

Rate

llVo

(Source,

Total

Power, Interest Rate

O&M and Treatment) 6Vo IZVo

Marginal

7.2

13.2

13.2

Average

11.5
20.8

zt.t

t3.2

u.7

38.1

13.2

34.O 51.3

Independent

20.4 26.4

This table's data shows:
(a) The cost share form has a crucial effect on the water cosl

(b) The interest rate affects the water cost significantly.
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34.3

3. COST OF WATER CONVEYANCE BY PIPELINE
3.1 General
Eight origin points and six destination points were referred to
(see Table Z7 and Figure 8).

Among these points, 15 routes were defined for which water
conveyance costs were calculated. These costs are conveyance

(horizontal and vertical) only and do not include other possible
functions such as storing and treatment which regularly may cost
between 5 to 20 cents/m3. The value of the water at its source is also
not considered here.

For the horizontal conveyance cost, optimal diameter was
calculated by the following hsic data. Vertical lift cost was taken as2.5
cents for l00m.

3.2 Optimal Diameter and Horizontal Conveyance

Unit
A.

Cost

General Input Data for Optimal Diameter Calculation

(Vo):
Interest Rate (Vo):
Life Span (Yrs):
Pump Cost ($/kw):
Pump Efltciency

85.00
12.00, 6.00

40.00
850.00

Annual Maint. Cost - pipe: O.757o of the investment cost
Annual Maint. Cost - pump:

3.OO7o

of the investment cost

Annual Changes of Flow

flow:
Year/Percent of final flow:
Year/Percent of final

1:10O.00
4O:100.00

otl:t"

'
of Israel.)

Average rainfa[ (r93r-r960) in mi[imerers. (Dara from rvreteororogicar service

r81

Pipe Definition
Pipe Diameter (mm):

1400.00

Pipe Diameter

800.00

Pipe Cost ($/m):

74o..OO

Pipe Cost

220.OO

Pipe Friction*:

140.00

Pipe Friction:

140.00

Pipe Dameter (mm):

1600.00

Pipe Diameter

1000.00

Pipe Cost ($/m):

870.00

Pipe Cosu

400.00

Pipe Friction*:

140.00

Pipe Friction:

140.00

Pipe Diameter (mm):

1800.00

Pipe Diameter:

1200.00

Pipe Cost ($/m):

1000.00

Pipe Cost:

580.00

Pipe Friction:

140.00

Pipe Friction*:

140.00

1400.00

Pipe Diameter (mm):

2000.00

Pipe Diameter:

Pipe Cost ($/m):

1120.00

Pipe Cost:

74o..W

Pipe Friction:

140.00

Pipe Friction*:

140.00

Hourly Rates
Number of Hours:

8000 (in a year)

Rate (cent/Kwh ):

6.50

B.

Optimal Diameter and Unit Cost of Horizontal
Water Conveyance

The data of (A) above result in the following optimal diameters
and costs. flhe optimal diameter is the least costly one (among the
commercial diameter selection), considering both investrnent and power
costs, all by

(A) data of paragraph 3.2 abovel.
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Table 26

- Optimal

lnterest Rate

Annual Flow,

Hourly Flow

l27o

67o

100 2n

MCIWYT 50

m3/hr Afl

Optimal Diameter,
Cost,

Diameters and Costs

mm

cent/m3/km

12500 25000

50 100 zffi
62fl 12ffi zffi

LZW

1600

2000

Dm 1800 2000

0.1&l

o.t45

0.11o

o.tt7 0.091 0.078

3.3

Conveyance Costs

Tables 5 and 6 show the 15 routes' water conveyance cost.
Tables 7 and 8 show the pipeline investment costs for the above routes.
Note that investment costs,as such are not dependent on interest rate but
the optimal diameter does.

3.4

Notes

The following notes refer to the numbers in brackets on the Tables.
1) The three conveyance cost figures in each square include vertical rise

lift

costs and refer to 50 MCM/Yr (upper), 100

MCMryr and 200

MCM/Yr
(2) This dam is planned and not yet existing.

(3) I-ake Tiberias can serve as the Yarmouk flood water storage instead
of the Yarmouk dams. The dams can store these waters efficiently

hydraulically but not economically which makes them impractical for
this purpose. This subject is dealt with in Reference 1.

* "Friction": Friction coefficient by Hazen Williams
183

3.5. Cost of Interregion-al VYater Conveyance by Pipeline
Conclusions

3.5.1 Calculation

Subjects

1. Within the project, interregional water conYeyance cost was
calculated. The calculation referred mainly to pipeline pressure
conveyance (due to the topographical circumstances).

2. The water costs were calculated as follows:
2.1. Flows

o.f

50, 100 and 200 MCM fr were referred to.

2.2. Optimal diameterc were calculated under a set of assumptions
(8,000 hours pumpage in a year,6 centslKwh , fixed flow through the
project lifetime.

A matrix of 8 origin points and 6 destination points were set and
15 routes of interest were defined for which costs were calculated

2.3.

(19E2 prices).
2.4 Conveyance and pipeline investment costs were calculated for l2?o
and 67o interest rates respectively.

3.5.2 Conclusions
water cost to some 25 cents/m (which is
approximately the maximum product value of water), leads to the
conclusion that international water transition can mostly be suitable for

1. Limiting agriculture

urban uses only (if not heavily subsidized).

2. Taking into account that water conveyed to the Yarmouk dams or to
I-ake Tiberias is to be further conveyed to final destinations makes most

of the international

conveyance too costly even

for urban uses

(compared to sea water desalination).

3. The conveyance cost in the Nile (Damietta branch\-Gaza Strip route
resulted in 74 cents/m for 50 MCM/Yr, 12Vo I.R. In this route, a canal
system can replace the pipeline economically and reduce the conveyance
cost to about a half (38.1 cents/m). Additional significant cost decrease

can be achieved here

if this project is combined with

the Egyptian "el

Salaam" Project (21 cents/m in the "proportional" cost sharing).

4. The route Ghor Canal-West

Bank is of special importance. It is the

updated version of the "West Branch" of the Ghor Canal Project - the
yet uncompleted part of the whole Yarmouk-Ghor Project.

This project is the twin project of the Ghor-Amman and its
justification from both economic and water -balance polnts of view is
well established.

5. The too-high conveyance cost of

for
water exchange: water is to be bought (by the Territories, Jordan or
Israel) from Turkey in the Syrian Euphrates Dam and be given to Syria
in exchange for the Yarmouk water used by Syria- The exchange rate of
such a deal

Euphrates water leaves a place

will, most probably be more Euphrates water for less

Yarmouk waters, yet it still may be worthwhile.
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4.

DESALINATION COSTS

4.1. General
Desalination costs of sea water are updated here to 1992 prices.

works done in 1990 and 19135 (see References List) are the data source
of this cost updating. The construction cost dollar inflation rate is
based on the data detailed in chapter

1. According to this, the relevant
construction cost inflation rate from 1985 to l9g2 is 1.1 (considerably
lower than the general American Consumer Price Index Rate).

4.2. Sea water Desalination
Some of the main characteristics of the two above-mentioned
desalination methods are summarizeainTable 32. The resulting water
costs are shown in Table 33.

Table 32
Characteristics of Sea Water Desalination Methods
(8,000 m3/h Plang

Method
Multi Stage Dstillation
(M.s.D.)

Characteristics

[-eadTime:
Decision-Operation

Annual Operation

Hours

Typical Plant Area,

m2

Product Water Salinity,
PPM of TDS

Initial Investment

Reverse Osmosis

(R.o.)

6 years

4 years

5,800 (depending on
electricity demand hours)

8,000

50,000

5,000

50

136

$u

Operation Costs

$MA(r

4.8

Power Demand Kwh im3

7.O

500

1?5
(membrane not included)
23.0 (incl. membrane
replacement)

4.2

Desatination

Annualilhils

and water costs

(E,000 m3/h Plant)

Method

M.S.D. (216.4 MCIWYT)
(lifetime: 25 yers)

Interest Rate

TRL2%

Investment $M/yr

6t4
16.0

Operation and
Miscellaneous $M/yr

4.8

Power Cost cent/tr(wh

IR6%

6t4

tR6%

10.6

16.9

11.0

4.8

23.0
16.1 I 10.8
56.0 t50.7

Total $M/fr

40.3 I 33.8 34.9128.4

t72.8

lZ%o

6t4

19.51 13.0 19.5 t 13.0

85.8

lR

6t4

Power $wt/yr

Water Cost cenUml

R.O. (64.0 MCItzflYr)

(lifetime: 20 years)

75.2t 61.2

97.5t

79.2

B.O
16.1 I 10.8

50.1 t44.S
78.31 70.O

Notes
(1) The atrove water costs do not include conveyance and storage costs.
Neither do they include general infrastructure (roads, power network,

etc.). Plant land cost is also not included but this may be negligible.

(2) The cases of l2vo I.R. and power cost of 6 cents/Kwh may b"
regarded as real market price costs while the others represent
subsidization.

l9l
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